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ABSTRACT 


1.  The  high-explosive  igloo  tests,  conducted  by  the  Army-Navy  Explosives 
Safety  Hoard  at  the  Naval  Proving  Ground,  Arvo,  Idaho,  in  1945  indicated: 

a.  That  the  prescribed  Army  (400  feet)  and  Navy  (500  feet)  intermagazine 
safety  distances  for  the  storage  of  mass  detonating  types  of  ammunition  con¬ 
taining  250.000  net  pounds  of  high  explosives  in  Army  and  Navy  Standard  con¬ 
crete,  arch-type,  earth-covered  (igloo)  magazines  may  be  safely  reduced 
one-half  without  undue  risk  of  propagation  of  explosions  from  magazine  to 
magazine. 

b.  That  the  barricaded  inhabited-building  distances  given  in  the  American 
Table  of  Distances  are  not  adequate  for  concrete,  arch-type,  earth-covered 
(igloo)  magazines  since  the  damage  to  buildings  and  injuries  to  personnel  which 
may  occur  when  the  contents  of  an  igloo  mass  detonates  are  too  serious  to  be 
an  acceptable  risk. 

c.  That  the  temporary  storage  of  250,000  net  pounds  of  high  explosives  in 
an  earth-barricaded  open  storage  site  located  halfway  between  existing  Army 
concrete,  arch-type,  earth-covered  (igloo)  magazines  is  reasonably  safe  and 
permissible  with  respect  to  the  tmupropagation  of  explosions  from  magazines 
to  earth-barricaded  open  sites  and  vice  versa. 

</.  That  the  interiaagazine  unbarricaded  distance  (800  feet)  for  250,000 
net  pounds  of  high  explosives  affords  reasonable  protection  against  the  propa¬ 
gation  of  explosions  among  open  field  stacks  of  mass  detonating  types  of  ammu¬ 
nition  containing  250,000  net  pounds  of  high  explosives. 

e.  That  the  doors  on  the  Xavv  concrete,  arch-type,  earth-covered  maga¬ 
zines  should  be  strengthened  to  provide  better  protection  against  explosions 
which  may  occur  in  adjacent  magazines. 

2.  Data  were  obtained  on — 

a.  The  effects  of  earth  cover  and  barricades  in  reducing  blast  pressures 
and  the  range  of  missiles. 

b.  The  relative  advantages  of  the  Army  and  Navy  Igloo  designs,  such  as 
the  better  protection  afforded  by  the  Army -type  door. 

c.  Blast  pressure:;. 

il.  Meteorological  effects. 

c.  'Seismic  action. 

f.  Missile  distribution. 

(/.  The  appearance  and  action  of  the  shock  wave. 

A.  Crater  size  and  shape. 

7 .  Structural  and  glass  damage  to  inhabited  buildings  of  wood  construction. 

Moving  pictures  were  taken  of  the  explosions  which  are  on  file  nt  the 
offices  of  the  Army-Navy  Explosives  Safety  Board.  Of  particular  interest 
are  the  high  speed  pictures  of  the  shock  wave  (taken  at  1,450  frames  per  second) 
showing  how  the  wave  approaches  and  “flows  over”  the  target  igloo  and  then 
retreats  in  the  suction  phase  before  it  is  met  by  the  missiles,  dust  cloud,  and 
debris. 
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PART  I.  INTRODUCTION 

A.— PURPOSE  OF  TESTS 


1 .  At  tlio  cessation  of  hostilities  of  World  War  II 
there  remained  on  hand  in  the  continental  United 
States  and  oversea  Theaters  of  Operations  tre¬ 
mendous  stocks  of  Army  and  Navy  ammunition. 
To  provide  for  the  orderly  and  economical 
disposition  of  these  tremendous  stocks  of  ammuni¬ 
tion,  it  was  essential  that — 

a.  Temporary  storage  facilities  he  provided  in 
the  continental  United  States  until  the  stocks 
required  for  peacetime  use  and  the  war  reserve 
could  he  determined,  and; 

b.  It  he  determined  whether  existing  ammuni¬ 
tion  storage  installations  and  facilities  could  he 
safely  expanded  without  large  expenditures  for 
additional  land,  roads,  and  properties. 

2.  The  program  of  tests  conducted  hy  the 
Army-Navy  Explosive's  Safety  Board  at  the  Naval 
Proving  Ground,  Arco,  Idaho,  during  the  summer 
and  fall  of  194")  was  designed  to  obtain  these  neces¬ 
sary  data  through  the  media  of  a  limited  number  of 
full  scale  tests  utilizing  ammunition  which  was 
surplus  to  the  needs  of  the  War  and  Navy  Depart¬ 
ments. 


2.  To  obtain  the  maximum  benefit  from  the 
tests,  the  following  government  and  scientific 
agencies  interested  in  the  control  and  effects  of 
explosions  were  invited  and  participated : 

a.  Underwater  Explosives  Kesearch  Laboratory 
of  the  Woods  Hole  Oceanographic  Institution. 

b.  OSliD  (Office  of  Scientific  Kesearch  and 
Development),  Division  2  of  the  NDKC  (National 
Defense  Research  Committee). 

c.  David  Taylor  Model  Basin  of  the  Navy 
Department. 

<!.  l\  S.  Coast  and  Geodetic  Survey,  Commerce 
Department. 

e.  D.  S.  Weather  Bureau  of  the  Commerce 
Department. 

/.  U,  S.  Geological  Survey  of  the  Interior  De¬ 
partment. 

<j.  U.  S.  Bureau  of  Reclamation  of  the  Interior 
Department. 

4.  Funds  were  also  allotted  for  making  a  very 
limited  cheek  of  the  safety  distances  prescribed  for 
inhabited  buildings  ns  sot  forth  in  the  American 
Table1 2  of  Distances. 


B.— DESCRIPTION  OF  TEST  SITE 


1.  The  site  chosen  for  the  tests  was  the  Naval 
Proving  Ground,  Arco,  Idaho.  This  was  the  best 
of  a  number  of  sites  which  were  investigated  since 
it  satisfied  most  of  the  requirements  of  isolation, 
availability  of  government  facilities,  availability 
of  construction  equipment  and  contractors  com¬ 
petent  to  handle  the  construction,  rail  and 
highway  facilities,  power,  water,  and  favorable 
weather  conditions. 

2.  The  Arco  Naval  Proving  Ground  is  situated 
on  a  vast  expanse  of  semiarid  desert  bordering  the 
valley  of  the  Snake  River  located  to  the  north  of 
the  Snake  River  Plain  and  is  40  miles  northwest  of 
Blaekfoot,  Idaho,  and  22  miles  east  of  Arco, 
Idaho.  The  site1  lies  southeast  of  the  rugged 
Lemhi,  Lost  River,  and  Sawtooth  Mountains  from 


which  tin1  Little  and  Big  Lost  Rivers  flow,  disap¬ 
pearing  in  sinks  on  the  desert.  The  position  of 
the  Igloo  Tests  (Igloo  A)  was  42°8S'14"  north 
latitude,  1 1 2°52'25"  west  longitude,  at  an  elevation 
of  approximately  4,855  feet. 

2.  The  Snake  River  Plain  was  formed  by  the 
lava  flows  during  the.  intense  volcanic  activity  of 
the  Pliocene  period  which  continued  in  decreasing 
intensity  until  recent  times.  The  flows  at  Craters 
of  the  Moon,  40  miles  to  the  southwest,  are  esti¬ 
mated  as  having  occurred  only  a  few  hundred  years 
ago.  At  the  test  site  2  feet  of  fine,  silt  topsoil 
cover  a  clay  and  gravel  alluvium  15  feet  in  thick¬ 
ness  which  overlies  the  complex  basaltic  layers  of 
lava  formations.  Numerous  cones  and  lava  out¬ 
crops  protrude,  from  the  gently  rolling  desert  The 
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l'lOUUE  1. 

log  of  the  well  at  tho  gun  em placements  of  the 
NP(5,  table  I,  illustrates  a  typical  geologic  section. 

4.  The  rainfall  averages  12.5  inches  a  year  with 
persistent  southwest  winds  of  10  to  35  m.  ]>.  h. 


Tabi.k  ].—Log  of  ire 

Depth  Mow  sur¬ 
face  in  feet:  Subsurface  format  ion 

0  .  Top  soil. 

2  (Iravol. 

17.  Clay. 

28  _  Lava  with  clay  filled  ctaeks. 

50 _  Lava  with  elnv  and  sand  mixed. 

59  Clay  arid  sand. 

09.  Solid  lava. 

108  .  Lava  and  cinders. 

184.  __  Sand  and  elav. 

139  Lava. 

145  Lava. 

159  _  Cinder  and  lava. 

101  Lava. 

109..  Cinders'. 

171  _  Cinder  and  clay  mixture. 

181  Cinders. 

184  Solid  lava. 

211  Broken  lava. 

221  Solid  lava. 

231  Coarse  la\  a. 

240  Brown  lava. 

205  Soft  lava. 

281  Hard  lava. 

291  ...  Clay  and  lava  mixed. 


Test  site. 

resulting  in  a  low  humidity  and  rapid. drying  con¬ 
ditions  especially  in  the  summer  months.  The 
sparse  vegetation  consists  of  sagebrush,  bunch 
grass,  small  cacti,  and  similar  desert  growths. 

at  gun  emplacements 


Depth  below  sup 

rucv  in  feet:  Subsurface  formation 

321__ .  Hard  gray  lava. 

341 _ Clay. 

349 _ Solid  lava. 

352. . Clay  and  cinders, 

371 . Clay. 

381  ..  Hard  gray  lava. 

391  .  _ Clay, 

414 _ Clay  and  gravel  mixed. 

425.. .  Cinders. 

427. .  Clay  anti  cinders. 

440 _  .  Solid  lava. 

444  Blue  lava  crevice. 

449  _  Cray  lava — water. 

402  _  Blue  lava  crevice, 

470 _  Honeycomb  lava — traces  of  soapstone — 

wat  .  throughout. 

522  . .  .  Solid  lava. 

502  .  _ Clay,  lax  a  and  water. 

588 _ _  Solid  lava. 

012 _  lied  honeycomb  lava. 

005 . Lava,  cinders  and  water. 

077 _  Kcd  lava,  cinders. 

085  lied  lava,  cinders — well  bottom. 
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C.-TEST  PROGRAM  AND  PROCEDURE 


1 .  Program 

The  program  of  II.  E.  Igloo  tests  conducted  by 
the  Army-Navy  Explosives  Safety  Hoard  at  the 


Naval  Proving  Grounds,  Areo,  Idaho,  in  1945  in¬ 
cluded  six  250, 000-pound  tests  nnd  two  125,000- 
pound  tests  as  follows: 


Tost 

No. 

Date  1945  (time  MWT)  ! 

Weight  of  ex- 
plosive  in  ll>s. 

TyjK-  of  explosive 

Test  »it it 

Target  units 

i 

29  Aiir.  (0930)  .. 

250,  000 

50/50  Amatol.  . 

Army  Igloo  A  .... 

Igloos  1),  O,  1)  and  wood  frame  bar¬ 
racks  at  2,155  feet. 

2 

18  Oct.  (1440) _ 

125,  000 

50/50  Amatol.. 

Revetment  1  _ 

Igloos  B,  C\  1)  and  revetment  2. 

3 

19  Oct,  (1215) _ 

250,  000 

Torpcx  . ....  . 

Navy  Igloo  C 

Igloos  11,  1)  and  Rev.  2  and  wood 
frame  barracks  at  2,155  foot. 

4 

30  Oct,  (0920)... 

250, 000 

50/50  Amatol 

Itevctmont  3 _ 

Igloos  B,  D  and  Hev.  2  and  wood 
frame  barracks  at  2,155  feet. 

5 

30  Oet .  (1250) _ 

250,  000 

Torpcx . . .  . 

Army  Igloo  H 

Igloo  1),  ltov,  2  and  wood  frame  bar¬ 
racks  at  2,155  foot. 

(> 

30  Oct.  (1500). 

125,  000 

50/50  Amatol 

Itevctmont  2 

None. 

7 

31  Oct.  (1210). 

250,  000 

TXT,  Tctryl  80/20 
Amatol. 

Stack  1 . .  .  . 

Stack  2  at  800  foot. 

8  - 

31  Oct.  (1400).  . 

250.  000 

TNT  ....  _ 

Stack  2 _ 

Xono. 

2.  Test  layouts 

The  following  units  were  constructed  at  the 
test  site:  two  Army  and  two  Navy  standard 
concrete,  arch-type,  earth -covered  (igloo)  maga¬ 
zines  approximately  20.5  x  St  feet  in  size;  one 
standard  two-story,  wood  frame,  Navv-type  bar¬ 
racks  building  approximately  20  x  90  feet  in  size; 
three  temporary  open  storage  sites  (revetments) 
approximately  20  x  00  feet  in  size;  and  necessary 
auxiliary  facilities  such  as  camera  stations,  in¬ 
strument  and  observation  shelters,  and  dugonts. 
Figures  2,  2,  4,  5,  0,  and  7  show  the  general  layout 
of  the  test  site,  the  test  structures,  and  the  open 
storage  sites.  The  earth  cover  on  the  igloo  maga¬ 
zines  has  approximately  the  contour  of  the  head 
wall  of  the  Navy  magazine  as  shown  in  figure  4. 
The  depth  of  the  earth  cover  over  the  arch  is 
approximately  2  feet. 

3.  Blast  meter  and  gages 

Air-blast  pressures  were  measured  by  paper- 
blast  meters,  foil-blast  meters,  piston  gages,  ball 
crusher  gages,  David  Taylor  Model  Basin  (TMH) 
diaphragm  gages  and  piezoelectric  gages  in  Test  1. 
Only  paper-blast  meters  were  used  in  the  other 
tests  (2,  2,  and  4)  in  which  pressures  were  recorded. 
A  plot  of  the  locations  of  these  meters  and  gages 
with  respect  to  the  centers  of  the  explosions  is 
included  in  the  description  of  each  test. 

a.  Paper-blast  meters. — The  Aberdeen  Proving 
Ground  Paper-Blast  Meter  (Kef.  1)  consists  of  a 


series  of  circular  paper  diaphragms  of  different 
radii  and  the  size  of  the  smallest  diaphragm 
broken  in  each  blast  meter  bv  the  blast  is  taken 
to  be  a  measure  of  tin*  intensity  of  tin*  blast. 
Since  the  natural  periods  of  vibration  of  these 
diaphragms  are  quite  short  compared  to  the 
duration  of  the  blast,  tin*  size  of  the  smallest 
diaphragm  broken  is  believed  to  be  determined  by 
tin*  peak  pressure. 

These  meters,  figures  8a  and  8b,  consist  of  two 
pieces  of  %-incli  plywood  in  which  ten  holes  of 
various  diameters  are  cut.  A  piece  of  waxed  paper 
is  inserted  between  the  piece's  of  plywood  and  the 
pieces  are  then  bolted  together.  The  meters  were 
mounted  on  stakes  approximately  four  feet  above 
the  ground,  face  on  to  the  blast. 

The  hydrostatic  pressures  required  to  break  the 
diaphragms  are  given  in  table  II. 


Table  11. — Hydrostatic  pressures  required  to  break  paper 
meter  diaphragms 
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b.  XDHC  foil  blast  meters  {lief.  2). 

(1)  A  foil-blast  motor  is  shown  in  figure  9a.  It 
was  const rnctod  as  shown  in  figure  9l>.  A  shoot 
of  aluminum  foil  0.05  mils  thick  was  inserted  l>o- 


Tahi.k  III. — Hydrostatic  pressures  required  to  break  NDHC 
fail  meter  diaphragms  OM5  ini!  almoin  uin  foil 
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tween  the  two  pieces  of  masonite  which  form  the 
orifice  assembly  and  the  two  were  then  bolted 
together.  The  orifice  plate  assembly  was  taped 
around  the  edges  to  insure  a  senl  and  a  small  vent 
hole  was  drilled  in  the  rear  of  each  compartment 
to  compensate  for  slow  changes  of  pressure  in  the 
meter.  These  meters  were  mounted  on  wooden 
tripods  five  feet  above  the  ground,  side  on  to  the 
blast.  The  hydrostatic  pressures  required  to 
break  the  diaphragms  are  given  in  table  III. 

(2)  Two  additional  box  meters  of  similar  design 
but  of  more  rugged  construction  were  used  to 
record  pressures  near  the  center  of  the  explosions. 
These  meters,  which  were  designed  and  con¬ 
structed  by  Princeton  University,  had  a  range  of 
32  to  040  p.  s,  i.  They  were  buried  in  the  ground 
with  tin1  orifice  plate  flush  with  the  surface  of  the 
ground. 

r.  British  and  Los  Alamos  Type  Piston  Gages 
(BeJ.  2). 

(1)  Eight  piston  gages,  designed  and  construct¬ 
ed  by  the  Road  Research  Laboratory,  in  Great 
Britain,  were  provided  for  these  tests.  Nine 
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Figure  4.  Composite  drawing  of  cross-sectional  dimensions  of  Army  and  Navy  igloo  type  magazines. 


others,  which  were  designed  and  const  meted  at 
Los  Alamos,  and  which  embodied  improvements 
over  the  British  gages,  were  also  provided. 

(2)  The  British-type  piston  gage  consisted  of  a 
metal  box,  in  one  face  of  which  were  six  holes  of 
equal  size.  Closing  these  holes,  from  within  the 
box,  were  six  pistons  held  in  place  by  springs  whose 
compression  could- be  adjusted.  Motion  of  the 
pistons  could  be  detected  by  the  irreversible  mo¬ 
tion  of  other  pistons  hearing  against  them,  but 
not  coupled  to  them.  Before  the  test,  each  pair 
of  pistons  was  in  contact;  after  the  test,  lack  of 
contact  between  any  pair  of  pistons  indicated  that 
they  had  moved.  The  spring  forces  were  so  ad¬ 
justed  that  the  pressure  required  to  move  each 
piston  was  different  from  all  others.  Thus,  the 
blast  pressure  which  had  acted  on  the  gage  could 
he  bracketed  between  those  corresponding  to  two 
pistons,  one  of  which  moved  while  the  other  did 
not. 


(A)  The  Los  Alamos  modification  of  these  gages 
lay  principally  in  the  recording  method,  i.  e.,  the 
means  of  detecting  motion.  Instead  of  a  second 
piston,  a  piece  of  aluminum  foil  was  tightly 
stretched  opposite  the  inner  end  of  each  piston. 
This  inner  end  was  pointed,  and  a  gap  of  about  5 
mils  was  left  between  point  and  foil.  Thus,  a 
motion  of  5  mils  in  any  piston  was  detected  by  a 
dimple  in  the  corresponding  foil.  This  proved  to 
be  a  more  reliable  indicating  system  than  that  in 
the  original  British  gages. 

<1.  ( 'ERL  free-pixton  and  spring-piston  gages 

{R,j.  2). 

(1)  The  free-piston  gage  consists  of  an  unre¬ 
strained  piston  attached  to  a  stylus  which  records 
thepressurechangeonthc  paper  of  a  rotat  ing  drum. 
The  motion  of  the  piston  as  the  blast  wave  acts 
on  it  is  recorded  by  the  stylus  as  a  function  of  time, 
and  the  positive,  impulse  of  the  blast  and  the  peak 
pressure  is  computed  from  the  record  produced. 
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(2)  The  spring-piston  gage  is  similar  to  the  frec- 
piston  gage,  except  that  the  motion  of  the  piston 
is  opposed  by  a  spring.  The  movement  of  the 
piston  is  a  measure,  of  the  peak  pressure  up  to  a 
maximum  of  5.5  p.  s.  i. 

t.  SOL  ball-crusher  gage  ( Ref.  2). 

(1)  The  hall-crusher  gage  was  designed  by  the 
Naval  Ordnance  Laboratory  to  measure  peak 
pressures  in  underwater  shock  waves,  and  was 
applied  to  the  measurement  of  nirhlast  peak  pres¬ 
sures  in  these  tests. 

(2)  The  gage  consists  of  a  piston  which  bears 
on  a  spherical  ball  of  soft  copper.  See  figure  10. 
When  the  piston  is  depressed  by  the  shock  wave, 
the  ball  is  deformed  inelastieally,  and  the  diminu¬ 
tion  in  diameter  is  nearly  proportional  to  the  peak 
pressure.  For  pressures  below  100  p.  s.  i.,  the 
error  may  be  quite  large,  and  no  measurable  de¬ 
pression  occurs  at  pressures  less  than  about  70 
p.  s.  i. 

f.  Darn!  Taylor  Model  Basin  (TMB)  diaphragm 
and  piezoelectric  gages  (Rtf.  3).  The  electronic 
pressure  measurements  were  taken  by  the  Navy 
Department  David  Taylor  Model  Basin.  Three 
different  types  of  recording  channels  were  used 
to  obtain  the  pressure  history  of  the  explosion. 
One  was  the  standard  Taylor  Model  Basin  channel 
for  use  with  the  David  Taylor  Model  Basin  Dia¬ 
phragm-Blast  Gage.  The  second  type  of  channel 
was  a  modified  version  of  the  standard  channel. 
Two  of  these  modified  channels  were  used.  The 
third  type  consisted  of  five  Kochelle-snlt  piezo¬ 
electric  gages  which  served  to  record  the  time  of 
arrival  of  the  blast  wave  at  selected  positions. 

(1)  The  standard  channel  consisted  of — 

(a)  A  diaphragm  gage  with  a  500  ohm  metalee- 
trie,  spirally-wound  strain  element  cemented  to 
the  inner  face  of  the  diaphragm. 

(b)  A  ballast  and  battery  box  circuit. 

(c)  A  combination  preamplifier  and  natura 
frequency  band-rejection  filter. 

(d)  A  Dumont  Type  208  blue  trace  cathodc-rny 
oscilloscope. 

(2)  The  modified  channel  consisted  of — 

(a)  A  diaphragm  gage  with  two  120  ohm  metal- 
ectric,  spirally-wound  strain  elements,  one  ce¬ 
mented  to  the  outer  and  the  other  to  the  inner  face 
of  the  diaphragm. 

(b)  A  David  Taylor  Model  Basin  1A  strain 
indicator,  which  consists  essentially  of  a  circuit 
which  has  a  Wheatstone  bridge,  two  of  whose 
arms  are  the  two  resistance  elements  of  the  pressure 
gage.  The  output  of  the  bridge  amplitude  modii- 
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lutes  a  carrier  wave  of  2,000  cycles  per  second 
frequency.  The  modulated  wave  is  then  amplified 
and  demodulated  and  the  modulating  signal  is  fed 
into  a  recording  device. 

(c)  A  General  Electric  string  oscillograph  on 
which  the  output  of  the  strain  indicator  was 
recorded. 

(8)  The  two  channels  were  used  because  the 
standard  channel  has  good  high  frequency  re¬ 
sponse  hut  poor  low  frequency  response,  while,  on 
the  other  hand,  the  modified  channel  has  good 
low  frequency  response  but  a  poor  high  frequency 
response.  It  was  hoped  that  a  complete  history 
of  the  blast  pressures  arising  from  the  explosion 
might  be  obtained  from  a  combination  of  the  two 
records,  tin*  standard  channel  recording  the  initial 
peak  pressure  and  the  pressure  occurring  in  the 
first  100  milliseconds  and  the  modified  channel 
recording  any  slowly  varying  pressure  occurring 
later.  At  the  high  peak  pressures  expected,  how¬ 
ever,  the  pressure  gage  does  not  indicate  the  true 
peak  pressure  because  a  “Bernoulli  flow”  effect 
modified  the  pressure. 

(4)  The  third  type  of  channel  employed  was 
one.  that  recorded  the  time  of  arrival  of  the  blast- 
pressure  wave  at  selected  positions.  By  means 
of  the  distanec-time  curve  and  the  Kankine- 
Ilugoniot  formula  relating  pressure  and  veloeity 
of  shock  waves,  it  was  hoped  to  obtain  an  accurate 
value  of  the  peak  pressure  unmodified  by  any 
Bernoulli  effects.  The  circuit  consisted  of  five 
Rochelle-salt  piezoelectric  gages  placed  40  feet 
apart.  These  gages  were  connected  in  parallel 
and  placed  across  the  input  of  a  Dumont  208 
cathode-ray  oscilloscope.  A  50, 000-olnn  resistor 
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wns  connected  across  the  input  terminals  of  the 
osoilloseopc  to  provide  an  effective  time  constant 
of  about  one  millisecond.  This  time  constant 
insured  that  the  signal  from  the  first  gage  would 
disappear  by  the  time  the  shock  wave  reached  the 
second  gage.  The  Rankinc-Ilugoniot  formula  is 

(V/cy^sriPo+i, 

where  l  is  the  velocity  of  the  shock  wave, 


/'  is  the  excess  pressure  in  the  shock  wave, 

('  is  the  velocity  of  sound, 

/'„  is  the  atmospheric,  pressure. 

(5)  The  outputs  of  the  two  modified  channels 
using  the  Taylor  Model  Basin  strain  indicators 
were  recorded  on  a  General  Electric  string  oscil¬ 
lograph  with  a  film  speed  of  about  15  inches  per 
second.  An  electronic  oscillator  driving  one  of 
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the  strings  at  a  frequency  of  100  cycles  per  second 
provided  a  time  base.  The  two  Dumont  20S 
cathode-ray  oscilloscopes  were  placed  side  by  side 
and  photographed  by  means  of  a  (iieneral  Radio 
Class  ($51  oscilloscope  camera.  A  time  base  was 
provided  by  a  101.2  c.  p.  s.  oscillator  that  dis¬ 
charged  a  spark  from  a  spark  coil  through  the  film. 

(G)  The  standard  and  modified  Taylor  Model 
Basin  diaphragm  gages  wore  calibrated  by  deter¬ 
mining  the  changes  in  resistance  for  known  changes 
in  static  pressure. 

(7)  The  piezoelectric  gages  were  calibrated 
roughly  by  firing  a  one-pound  charge  of  TXT  and 
scaling  the  gage  distances  so  as  to  obtain  pressure 
of  Mo  the  magnitude  expected  from  the  actual 
explosion.  An  exact  calibration  was  not  required 
since  it  was  only  desired  to  know  the  time  of 
arrival  of  the  shock  wave  and  not  the  pressure 
magnitudes.  Each  gage  was  mounted  five  feet 
above  the  ground  with  the  gage  positions  40  foot 
apart.  A  steel  pipe  filled  with  sand  was  located 
seven  feet  in  front  of  each  gage  to  serve  as  fragment 
protection. 

4.  Crater  data 

Crater  measurements  were  taken  in  all  tests, 
except  Test  4,  by  means  of  field  surveys. 

5.  Ground  movement 

Measurements  of  ground  movement  were  made 
in  Tests  1 , 2,  and  4  by  means  of  field  surveys. 

6.  Effect  of  blast  on  target  igloos 

The  effects  of  the  explosion  on  the  target  igloos 
was  determined  by  observation  and  measured  by 
means  of  a  slide  rule  gage  and  a  stop-point  indi¬ 
cator  (SPI)  in  Test  1,  and  by  Carlson  strain 
meters  in  Tests  2  and  4. 

a.  The  gage  (fig.  11)  used  to  measure  the  arch 
deflection  was  a  modified  slide  rule  with  the  rule 


attached  to  a  support  from  the  floor  and  the  slide, 
attached  to  the  arch.  To  minimize  the  overdrive 
a  strong  flat  spring  was  inserted  under  the,  slides 
and  to  measure  both  outward  and  inward  deflec¬ 
tion  the  slide  was  divided  into  three  parts.  A 
disadvantage  to  this  type  of  measurement  was 
that  it  would  measure  a  combination  of  arch 
deflection  and  relative  floor-arch  movement. 
This  difliculty  was  overcome  by  using  a  second 
type  instrument  which  measured  the  deflection 
of  tin1  arch  between  the  haunch  and  springing 
line. 
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b.  This  second  instrument  (fijr.  12)  consisted  of 
on  indicatin';  arm,  the  movement  of  which  was 
multiplied  hy  a  wheel  lover.  The  wheel  lever 
was  actuated  hy  the  slack  or  tension  in  the  string 
connected  between  the  haunch  and  springing  line 
of  the  nreh.  Two  recording  arms  were  actuated 
hv  the  central  or  indicating  arm  and  were  held  in 
place  hy  friction.  This  instrument,  called  “stop- 
point  indicator”  (HIT),  while  carefully  con¬ 
structed,  is  believed  to  lie  subject  to  errors  due  to 
elasticity  of  the  string  and  the  looseness  in  the 
hearings. 

r.  The  effect  of  the  blast  on  target  Igloo  (’  in 
Test  2  and  B  in  Test  4  was  determined  by  observa¬ 
tion  and  by  measurements  obtained  from  the 
Carlson  strain  meters  installed  hy  the  Bureau  of 
Reclamation  (Ref.  4).  The  Carlson  meter  is  a 
temperature-compensated  elnstic-wire-type  instru¬ 
ment  in  which  the  strain  sensitive  element  is 
enclosed  in  an  expansible  metal  tube  10  inches  long 
by  T  inch  in  diameter.  In  installing  the  meters  on 
the  outside  of  the  igloo,  the  earth  backfill  was  first 
removed  at  the  proper  locations,  next  the  meters 
were  fastened  in  place  by  brackets  secured  by 
concrete  expansion  bolts,  and  then  the  backfill 
was  replaced.  The  lead  wires  from  the  Carlson 
meters  were  carried  in  trenches  to  the  instrument 
dtigout  about  S00  feet  away  where  a  Ileiland 
oscillograph  recorded  the  resistance  changes  of  the 
meters.  After  appropriate  calibration,  the  resist¬ 
ance  changes  are  converted  into  strain  and  stress. 
The  natural  frequency  of  the  oscillograph  galva¬ 
nometers  was  40  cycles  per  second,  and  the 
sensitivity  in  conjunction  with  the  Carlson  meters 
was  about  .HO  millionths  inch  per  inch  of  strain 
(or  about  12  p.  s.  i.  stress)  per  0.02  inch  deduction 
of  the  light  spot.  One  of  the  galvanometers  was 
also  connected  to  a  wire  which  was  wrapped  around 
a  bomb  to  indicate  the  exact  time  of  blast. 

Diagrams  showing  the  locations  of  the  meters 
placed  on  Igloo  C  in  Test  2  and  on  Igloo  B  in 


Test  4  are  included  in  the  description  of  these 
tests. 

7.  Barracks  damage 

Barracks  damage  was  recorded  in  Tests  1,  li, 
and  4. 

8.  Missile  data 

Missile  data  were  recorded  in  Test  1  only,  in 
which  a  thorough  analysis  of  distribution  was 
made  through  a  field  survey  of  missile  density  and 
size. 

9.  Seismological  data 

Seismic  recording  instruments  wen*  installed 
by  several  organizations  to  measure  the  ground 
shocks  resulting  from  those  explosions.  The  U.  S. 
Geologic  Survey  had  instruments  at  locations  as 
far  away  as  2.r>()  miles  but  most  of  the  instruments 
were  located  in  the  immediate  vicinity  of  the, 
explosions.  Due  to  power  failures  and  other 
causes  the  l\  S.  Geologic  Survey  and  the  Bureau  of 
Reclamation  failed  to  obtain  records,  hut  very 
good  records  were*  obtained  hy  the  U.  S.  Coast  and 
Geodetic  Survey  and  the  David  Taylor  Model 
Basin  of  the  Navy  Department. 

10.  Meteorological  data 

Meteorological  observations  were  made  by  the 
Weather  Bureau  and  volunteer  observers  in 
Test  1 .  The  Weather  Bureau  established  observa¬ 
tion  stations  up  to  200  miles,  alerted  all  weather 
stations  and  the  general  public,  up  to  800  miles  to 
listen  for  the  sound  of  the  blast,  and  establish 
theodolite  stations  to  observe  the  smoke  cloud. 

1 1 .  Test  operation 

Observation  points  for  the  tests  were  coordi¬ 
nated  by  short  wave  radio  and  field  telephone,  and 
the  explosives  were  detonated  from  the  observa¬ 
tion  dugont. 
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PART  II.  TESTS  AND  RESULTS 
A.-H.  E.  IGLOO  TEST  NO.  1-29  AUGUST  1945 


1.  Purpose 

a.  To  determine  if  the  mass  detonation  of 
250, 000  not  pounds  of  high  explosives  stored  in 
an  Army  tost  Igloo  A  with  a  Navy  door  barricade 
will  propagate  to  an  Army  Igloo  B  located  parallel 
to  and  185  feet  from  test  Igloo  A;  to  a  Navy  Igloo 
C  located  in  line  with  the  test  Igloo  A  and  210  foot 
in  front  of  it;  or  to  a  Navy  Igloo  I)  with  door 
barricade  located  diagonally  to  the  rear  and  loft 
of  tost  Igloo  A  at  a  distance  of  500  feet. 

b.  To  determine  the-  severity  of  the  damage  done 
to  the  target  igloos  and  their  contents,  and  to  a 
wooden  barracks  building  K  located  diagonally  to 
the  rear  and  right  of  the  test  Igloo  A  at  a  distance 
of  2,155  feet. 

c.  To  record  data  pertaining  to  air  blast  pres¬ 
sures,  seismic  action,  meteorological  effects,  crater 
size,  missile  distribution  and  the  appearance  and 
action  of  the  shock  wave  as  revealed  by  high  speed 
photography. 

2.  Layout 

This  test  involved  the  explosion  of  250,000 
pounds  of  50/50  Amatol  in  Army  Igloo  A  with  a 
Navy  door  barricade  r.«.  target  Igloos  B,  C,  and  D 
and  a  Navy-type  wooden  barracks  building. 
Figure  12  shows  the  layout  of  the  primary  ele¬ 
ments.  The  camera  stations,  instruments  shelters 
and  instrument  and  observation  dugouts  were 
located  as  shown  in  figure  2. 

3.  Igloo  contents 

a  Igloos  A  and  B  were  each  loaded  with 
four  hundred  and  twenty-five  1, 100-pound  bombs, 
explosive  charge  588  pounds  of  50/50  Amatol 
(similar  to  Army  1 , 1 00-pound  bomb  MK  22). 
These  bombs  were  stowed  on  wooden  dunnage  as 
shown  in  figures  14a  and  14b. 

b.  Igloos  C  and  I)  worn  each  loaded  with  five 
hundred  and  forty-one  ()50-pouud  aircraft  depth 
bombs  (MK  -49),  explosive  charge  402  pounds 
Torpex,  stowed  as  shown  in  figures  15  and  10. 


4.  Priming 

a.  All  bombs  in  Igloo  A  were  primed  by  packing 
knotted  prinuieord  surrounded  by  composition 
C  2  into  the  nose  fuse  cavity  of  each  bomb. 

b.  The  method  employed  in  connecting  the 
bombs  of  each  stack  by  running  a  primary  lead  of 
primaeord  “1”  connecting  the  outside  bombs  in 
the  stack,  and  secondary  leads  “2”  and  “3” 
connecting  the  remaining  bombs  to  the  primary 
lead  is  shown  in  figures  17a  and  17b. 

c.  The  primary  lead  from  one  stack  was  joined 
with  the  adjacent  stack  and  the  connections  were 
made  to  the  three  electric  Engineer  Special  Blast 
ing  nips  in  the  center  of  the  magazine  as  shown  in 
figure  18.  These*  caps  were  connected  to  the 
priming  circuit  in  parallel,  and  the  length  and 
arrangement  of  the  loads  was  such  that  all  stacks 
fired  simultaneously. 

5.  Description  of  test  and  summary  of  results 

a.  General.  The  explosion  of  the  250,000 
pounds  of  Amatol  in  Igloo  A  produced  an  initial 
flash  and  then  streamers  of  smoke  that  shot  out 
at  angles  above  20°  from  the  horizontal  forming 
a  bush-like  cloud  that  engulfed  the  flames  within. 
This  cloud  merged  with  the  dust  near  the  ground 
and  developed  into  a  billowing  black  mass  of 
smoke  rising  to  a  height  of  2,380  feet  in  2  minutes. 
(See  ligs.  lfla  and  19b.) 

Observers  at  1,  2,  and  2  miles  from  Igloo  A 
experienced  a  sudden  puff  of  wind  and  ground 
shock  accompanied  by  the  sound  of  the  explosion 
but  felt  no  physical  discomfort  from  the  blast. 

There  was  no  propagation  of  the  explosion  from 
Igloo  A  to  the  target  Igloos  B,  C,  and  1)  which 
suffered  only  minor  damage.  The  barracks  build¬ 
ing  suffered  structural  damage  and  extensive  glass 
breakage,  with  the  accompanying  flying  glass 
hazard. 

b.  Motion  picture  record.  Motion  pictures  were 
obtained  from  four  different  camera  positions 

dig.  2). 
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(.’{)  Close-up  from  t lit'  side  of  Igloo  C  showing 
the  shock  wave  as  it  strikes  Igloo  C  from  the  rear 
and  pnsses  over  it.  (Camera  2.) 

(4)  Close-up  from  the  renr  of  Igloo  B  showing 
the  shock  wave  as  it  strikes  Igloo  B  from  the  side 
and  passes  over  it.  (Camera  2.)  These  films 
have  been  edited  and  combined  into  the  complete 
film  record  of  the  explosive  tests  which  are  avail¬ 
able  at  the  offices  of  the  Anny-Xnvy  Explosives 
Safety  Board.  Selected  frames  from  the  motion 
pictures  an*  shown  later  in  connection  with  the 
summary  and  discussion  of  results. 

c.  Air  Must  pretfKuren.  The  location  of  the 
vnrious  typos  of  meters  which  were  used  in  this 
test  to  measure  air  blast  pressures  are  shown  in 
figures  20a,  20b,  and  20c.  The  records  obtained 
from  the  meters  are  shown  in  tables  IV,  IVa,  V, 
VI,  YU,  and  VIII.  It  will  he  noted  that  the 
records  obtained  with  the  paper  and  foil  motors 
were  fairly  consistent  hilt  that  the  records  obtained 
from  the  other  type  gages  varied  widely.  The 
records  obtained  from  the  electronic  type  gages 


Kic.vre  15.  Bond)  stowage,  Navy  Igloos  C  and  I), 
Test  I. 


Fiovbk  14a.  Bomb  stowage,  Aran  Igloos  A  and  li, 
Test  I. 


I'm  CHE  14h.  Bond)  stowage,  Army  Igloos  A  and  B, 
Test  1 . 

(1)  Pictures  from  the  observation  point  showing 
the  explosion  of  the  21)0,000  pounds  of  Amatol  in 
Igloo  A  at  normal  film  speed.  (Camera  4.) 

(2)  Close-up  of  the  explosion  of  Igloo  A  from 
the  right  front  in  high  speed  photography  showing 
the  sequence  of  events  in  the  explosion  of  the 
Igloo.  (Camera  1.) 
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FirjuwK  10.  Igloo  Tost  No.  1  bomb  storage.  Navy  Igloos  C  ami  D. 


Fiiu’ke  17a.  Priming  connections  for  each  stack, 
Igloo  A,  Tost  I. 


fmt  be  171).  Priming  connections  for  cacti  stack, 
Igloo  A,  Tost  1. 


Note- 

425  Bombs-  249,900  H.E. 

ITo.ritE  IS.  Priming  plan  for  connecting  stacks,  Igloo  A,  Tost  1. 


wore  incomplete,  ns  only  (lie  two  strain  indicator 
channels  yielded  results.  This  was  due  to  the  fact 
that  the  pressures  were  much  lower  than  originally 
estimated  and  as  a  result,  the  amplifier  gains  were 
set  too  low  and  no  signal  could  he  detected. 

d.  Crater  data. — The  explosion  of  the  contents 
of  Igloo  A  produced  a  crater  which  was  roughly 
oval  in  shape,  having  a  long  diameter  of  200  feel 


along  the  longitudinal  axis  of  the  igloo,  a  short 
diameter  of  lot)  feet,  an  apparent  depth  of  S  feet, 
and  an  actual  depth  of  115  feet  (sec  fig.  21).  A 
solid  layer  of  lava  was  located  at  a  depth  of  17  feet 
which  may  have  had  some  effect  on  the  depth. 
Inside  the  ring  of  earth  thrown  out  by  the  explosion 
a  shoulder  measuring  from  two  to  several  feet  in 
width  was  formed  which  was  not  at  the  original 
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Fkiukk  10b.  Implosion  of  Igloo  A,  Test  1,  2(1  stage. 


ground  level  us  shown  by  the  miter  plan  and 
profile  in  figure  22. 

e.  (hound  inurement.  Permanent  horizontal  and 
vertical  displacement  of  the  ground  caused  by  the 
explosion  of  Igloo  A  is  given  in  figure  2d.  The 
vertical  (upward)  ground  movement  was  eon- 


Taiii.h  IV, — Test  Xo.  I — SO  August  Win —  I ir  blast  / ins ■ 
sure*  pillar  meters  on  north  anil  west  lines 


(Fig.  20a] 


DiMHIKV 

(ft.)* 

North 

line 

(oit  front  i 
<|>.  S.  1.) 

" ,sl  Ke  murks 

line 

lull  side  | 

fp.  ».  i.i  North  line  West  line 

1112 

5.  X 

7.  7  Blown  ovor 

Blown  over. 

IKK 

3.  0 

7.  7  do 

Do. 

517 

3.  0 

5.  X  do 

Do. 

5  IS 

3.  0 

7.  7  do 

Do. 

582 

3.  0 

7.  7  do 

Do. 

015 

3.  0 

7.  7  do 

Do. 

«50 

2.  7 

5.  K  do 

Do. 

09 1 

3.  ft 

5.  X 

Do. 

731 

2.  7 

3.  0 

Do. 

775 

2.  7 

3.  0 

Do. 

820. 

2.  7 

3.  0 

Do. 

SftX 

2.  7 

2.  7 

921 

2.  7 

2.  7 

975 

2.  7 

2.  7 

1 ,030 

1.  8 

2.  7 

1.100 

1.  2 

2.  7 

1.100 

1.  2 

1.  8 

1.230 

1.  2 

1.  8 

1.300 

.  X 

1.  8 

1.370 

.  X 

1.  8 

1,100 

.  S 

1.  8 

1 .550 

.  s 

1.  2 

1.040 

.  X 

1.  2 

1.7(0 

.  s 

1.  2 

1.840 

.  S 

.  x 

1,940 

.  (1 

.  X 

2.000 

.  ft 

.  X 

2.180 

.  ft 

.  ft 

2,310 

.  ti 

.  ft 

2.450 

.  4 

.  ft 

2.000 

.  4 

.  ft 

2.740 

0 

.  ft 

2,900 

0 

.  4 

3.080 

0 

0 

3.270 

0 

.  4 

3. 100 

0 

.  4 

3,000 

0 

.  1 

3.880 

0 

.  4 

4,120 

0 

0 

4,350 

0 

0 

•This  distant.  for  t lit*  West  lint*,  wns  measured  from  the  corner  formed  by 
I  lie  front  find  west  side  of  Inloo  A.  and  for  the  North  line  from  the  center 
of  the  door  of  Ih'loo  .V.  (See  fitf.  20a.) 


sistent  except  to  the  north  (front)  where  it  wns 
about  1/10  of  that  recorded  in  the  other  directions. 
The  horizontal  ground  movement  was  also  fairly 
consistent  except  to  the  north  where  no  movement 
was  recorded.  The  head  wall  of  Igloo  C  moved 
north  (away  from  the  explosion)  !■>"  and  west  1" 


Fhsthe  Pda.  Kxplosioti  of  Igloo  At  Tost  1.  1st  stag*?. 
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Fiat  be  20a.  liltisl  meter  layout  (paper  meters  north  and  west  lines),  Test  1. 


with  no  recorded  vortical  movement;  the  head  (2)  Army-type  Igloo  B  developed  a  crack 

wall  of  Igloo  B  moved  hi"  south  (explosion  was  to  across  the  center  of  the  arch,  which  was  a  con- 

the  west)  and  there  was  no  movement  of  Igloo  1).  t intuition  of  a  crack  previously  noted  and  a  new 

f.  Kjffd  oj  blast  on  target  igloos.  crack  was  formed  alone  the  center  of  the  floor. 

(1)  The  igloo  damage  was  minor  and  confined  The  door  was  jammed,  the  earth  cover  slumped 
to  the  following:  approximately  two  feet,  and  part  of  the  ventilator 

(а)  Slight  arch  cracking.  was  blown  off  (see  lig.  24).  In  Navy-type  Igloo  C 

(б)  Door  damage  in  the  Navy  magazines.  the  door  was  blown  in,  the  ventilator  blown  oil, 

(e)  Ventilators  blown  oil.  and  one  bomb  was  knocked  oil  the  stack  and 
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Tahlk  IV  A.  —  Test  Xo.  1  —29  August  19/py — Air  blunt 
pressure*  paper  meters  at  target  igloo 


|FIir.ail>I 


Distance  from  side  of  Iploo 
A,  in  feet 

Meter 

No. 

Pressure 
ranpe  in 

p.  s.  i. 

Remarks 

234  . 

\Y  1 

12.  0 

Blown  apart. 

234  . . . 

W  2 

7.  7 

Blown  down. 

234  _ 

\Y  3 

7.  7 

Do. 

234 

W  4 

7.  7 

Blown  ftpart . 

240  . . 

X  1 

12.  0 

Do. 

240  _ _ 

X  2 

7.  7 

Blown  down. 

240  _ 

X  3 

7.  7 

Blown  apart. 

240 

X-4 

7.  7 

Do. 

240 _ 

V  1 

12.  0 

I)o. 

240  _ 

v  2 

7.  7 

Do. 

240 

Y  3 

7.  7 

Blown  down. 

240 _ 

V— 4 

12.  0 

Blown  apart. 

252  _ _ 

Z  1 

12.  0 

Do. 

252 _ 

Z  2 

12.  0 

Do. 

252 

Z  3 

12.  0 

Do. 

252 ... 

Z  4 

7.  7 

Do. 

Distance  from  front  of  Iploo 
A,  In  feet 

Meter 

No. 

Pressure 
ranpe  in 
p.  s.  1. 

Kcnmrks 

200  _ 

A  1 

7.  7 

Blown  down. 

2<>0 

290.  _  . 

A  2 
\  3 

1.  2 

1.  8 

Do. 

Do. 

290 _ 

\  4 

2.  7 

Do. 

302 

302 

11  1 

H  2 

3.  0 
2.  7 

Do. 

Do. 

302 

302 

H  3 

11  1 

2.  7 

3.  0 

Do. 

Do. 

308 _ 

('  1 

“>.  s 

Do. 

308... 

C  2 

3.  0 

Do. 

308 

C  3 

3.  0 

Do. 

308 

314 

C  4 

1)  1 

3.  0 

3.  0 

Do. 

Do. 

314 

1)  2 

3.  0 

Do. 

31  1 

1)  3 

3.  0 

Do. 

314 

I)  4 

3.  0 

Do, 

Tahlk  V. — Test  .Vo.  t — 29  A  ugust  19 /pi — Air  blast  pressures, 
X DliC  foil  blast  meters  on  west  line 


[Fin.  »K*1 


Distance  from  (niter 
of  Iploo  A,  ill  feet 

West  line 
(except  as 
noted)  (j>.  s.  1.) 

Note 

270 ... 

it.  r> 

4")'  cast  of  Igloo  B. 

315 

10.  5 

l.V  wcsl  of  Igloo  ('. 

315 

7.  35 

On  (op  of  Igloo  (\ 

354 , 

5.  09 

l.V  north  of  Igloo  C\ 

450.  . 

10.  5 

475.. 

8.  42 

500 

7.  35 

Ta  ii  l,K  V .  Test  Xo,  /  — 29  A  a  gust  1 9/p> — /I  i r  blast  press  urest 
A ‘DUC  foil  blast  meters  on  west  line. — Continued 


iKiK.axl 


Distanee  from  center 
of  I plan  A ,  in  feet 

West  line 
(except  as 
noted)  (p. s.  i.) 

Note 

510 

7.  35 

la  face  of  Barricade  Igloo 
D. 

538. . 

7.  35 

Between  Barricade  and  Ig¬ 
loo  1). 

540 . . . 

«.  18 

580 . . 

7.  35 

020.. 

3.  90 

010 _ 

3.  90 

070. .  _ 

3.  90 

720 

2  97 

770.  _ 

2.97 

820 . . 

2.97 

870  . 

2.97 

920 . . 

2.  97 

970..  _  . . 

2.97 

1,020 . . 

Xon<* 

1.070 

2.  10 

1,120 _ 

3.  90 

1,170  _ 

2.  97 

1,220  _ 

None 

1,270 

2.  10 

1 

T.mii.k  VI. —  Text 

Xo.  /— 2 9  . 

1  ugust  1.0. ',0 — .1  ir  lilimt  prrs- 

sores,  BriLish-tijpt  piston  gages  (lief.  2) 


[Fin.  -*!»(•] 

[TIip  range  of  a  pan*1  lies  l  >e  tween  the  pressure  that  will  not  move  any  of  the 
pistons  and  the  pressure  that  will  move  all  the  pistons.  Tin*  prt.vuire  lintils 
indicated  by  a  pane  are  the  highest  pressure  that  will  not  move  any  of  the 
pistons  that  did  not  move  ami  the  lowest  pressure  that  will  move  all  of 
the  pistons  that  iliii  move] 


Distance  from  outer  of  Iploo  A  Hanpe  of  pape  in  Observed  pressure 


(ft.) 

PS 

i. 

limits  in’p 

1.  S.  1. 

200 

_  30.  5 

09.  1 

0 

39.  5 

200 

...  70  - 

127 

0 

79 

200  . 

_ 

...  ia  7  - 

39.  7 

28. 

9 

30.  fi 

200 

_ * _ 

...  19.  9 

29.  9 

29. 

9 

0 

280  . 

...  24.  0 

01.  2 

24. 

() 

32.  .3 

280 

...  .  17.  5 

31  0 

17. 

5  - 

10.  7 

300 

_ 

.  25.9 

00.  8 

0 

- 

25.  9 

.300 

...  19.7 

30.  0 

0 

19.  7 

300 

...  17.9 

31.  4 

0 

17.  9 

700 

4.  05 

l.V  3.7 

0 

4.  05 

700 

1.05 

11  85 

1. 

05 

2.  2 

800 

0.  9 

10.  25 

0 

fi.  9 

800. . 

.  9 

5.  07 

1. 

53 

1  75 

800 

...  4.0 

0.  5f> 

0 

4.  0 

1,300 

.  S3 

3.  35 

0 

.  S3 

1.300 

4.  25 

0.  4 

0 

4.  25 

1,750  _ 

1.  0 

3.  r» 

1 

0 

1  5 

20 
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Ficure  20c.  Hlast  meter  layout  (except  paper  meters),  Test 


Tari.k  VI 1  — Test  So.  / — August  /fJ.j.-J—  Air  Must 
pressures  various  gages 
(Kin.  »*1 


( i  age  lorn  lion  ami  lyj>e 

Distance 
from 
center  of 
ljehxiA  (ft.) 

Indicated  pres¬ 
sure  lu  p.  s.  i. 

Hall-crusher  gages 

Off  west  side  of  Igloo  A 

145 

9<» 

Off  west  side  of  Igloo  A 

115 

122 

la  earth  cover  on  west  side  of 

I  gloo  B . . . 

185 

79 

(lii^os  at  200  foot  oil*  the  side  of  Igloo  A,  at  230  foot  in 
the  bark  of  Igloo  C,  and  one  of  the  gages  in  the  side  of 
Igloo  B  gave  no  readings,  imlieating  pressures  at  these 
points  of  less  than  70  p.  s.  i. 

Hriureton  box  gages 

These  gages  have  a  maximum  range  of  32  to  040  p.  s.  i. 
In  earth  cover  to  the  rea.*of  Igloo  230  Less  than  32 

In  l lit! earl h  cover  to  tlie  west  side  185  43  to  (14. 

of  Igloo  B. 

Spring-piston  yogi 

Tlii<  gage  cannot  respond  to  a  pressure  greater  than  5.5 

!>•  x.  i. _ 

111  the  earth  barricade  of  Igloo  I  >  520  ^  (’.renter  than 

5.5. 

i'rn-pistoh  gngi 

A  motor  failure  caused  the  reading  to  be  very  uncertain. 

Positive  impulse 
tit’  msec  in.t) 

In  the  earth  barricade  of  Igloo  1)  520  (Ireaterthan 

210. 


Tabi.K  VI 11. —  list  .Vo.  / — 20  August  l tt/rri — Air  blast 
prrssuris  rlntrnn ir  type  gagrs 
(  Fin.  gllel 


i  flam*  loca¬ 
tion  dis¬ 
tance  from 
renter  of 

Ip  loo  A  in 
feel 

Maximum 
pressure 
p.  s.  i. 

Maximum 
rUrnpo- 
lated  pres¬ 
sure  p.  s.  i. 

Dural  ion 
of  (Hisiiive 
pressure 
milli¬ 
seconds 

207 

14  1 

1 5.  3 

207 

9.  4 

1 1.  7 

39 

Average 

1  1.  8 

13.  3 

Of  the  three  types  of  ehanncls  used,  only  the  two  strain 
indicator  channel’-  yielded  records. 


lino  liter  wits  tilted  probably  due  to  being  struck 
by  tlie  door  as  it  was  blown  inward  (see  lig.  25). 
No  other  bombs  in  uny  of  tin1  igloos  were  dis¬ 
placed.  In  .Navy-type  Igloo  1)  tin1  door  was 
blown  in  (see  (if?.  2(1). 

(tit  “Slide-rule”  and  “stop-point  indicator”  de¬ 
flection  and  strain  gages  (lies,  it  and  12)  were 
installed  in  Igloos  H,  and  I)  to  measure  tlie 
areh-floor  movements.  Permanent  floor  and  arch 
movements  wore  obtained  by  Held  surveys,  Igloo 
1)  at  18")  feet  was  stressed  most  severely  and  gave 
the  greatest  deflection  readings.  The  arch  de¬ 
flected  inward  -approximately  0.02  incites  and 
spread  outward  as  much  as  0.04  incites.  Tito 
maximum  temporary  relative  movement  of  the 
floor  and  ttreli  was  2.40  inches  and  the  maximum 
permanent  set  was  0.17  inches.  The  arches  of 
Igloos  C  and  I)  showed  almost  no  deflection.  The 
maximum  temporary  relative  floor-arch  move¬ 
ments  were  1.14  inches  for  Igloo  C  and  0.89  inches 
for  Igloo  I).  'I'lte  maximum  permanent  sets  were 
0.20  inches  and  0.10  inches  respectively.  The 
recorded  strains  are  shown  dingramatically  in 
lifts.  27a,  27b,  and  27c. 

(/.  Damage  to  barrack a  anil  (/lass  breakage. 

(1)  Tito  barracks  suffered  considerable  struc¬ 
tural  damage  on  the  faces  toward  the  explosion, 
Studding  was  broken,  sheathing  torn  loose,  win¬ 
dow  frames  blown  in  or  out,  and  the  majority  of 
the  window  panes  were  broken  and  thrown  with 
suflieient  force  to  cover  the  entire  floor  area  with 
small  fragments,  with  some  pieces  found  imbedded 
in  pillars  and  in  the  opposite  wall.  Both  the 
north  and  south  end  first  door  top  plates  were 
broken  and  the  south  wall,  the  wall  away  from  the 
explosion,  was  pushed  out  approximately  three 
incites. 

(2)  The  building  was  in  no  danger  of  collapsing 
but  it  is  doubtful  if  any  occupant  of  the  building 
would  have  escaped  serious  injury  from  flying 
frlass,  ami  several  thousand  dollars  of  damage  was 
caused.  Figure  28  shows  a  diagram  of  the  damage 
and  a  key  to  the  camera  positions  for  the  pictures 
illustrating  the  damage  shown  in  figures  29  to 

It.  Missiles  and  fragmentation. 

(1)  A  careful  search  was  made  of  the  area  sur¬ 
rounding  Igloo  A  following  the  explosion  and  all 
observed  missiles  were  recorded.  An  art'll  of  2'4 
square  miles  was  covered  mid  a  total  of  1.5,000 
missiles  were  found.  The  pattern  of  the  extreme 
range'  missiles  was  roughly  symmetrical  with  the 
greatest  distances  along  the  igloo  axis  and  along  n 
line  perpendicular  to  the  axis  and  passing  through 
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Fig i- UK  21.  Grill  or,  Test  No.  1,  with  Igloo  A  superimposed  in  original  location. 


tlio  ('ontor  of  tlio  igloo.  The  maximum  inline  of 
the  heavier  concentrations  tilso  lay  along  tli('s(> 
lines,  with  a  greater  area  of  these  concentrations 
lying  in  front  (north)  of  Igloo  A  than  behind  it. 

(2)  The  missile  map  shown  in  figure  54  was 
made  on  a  grid  system.  A  baseline  was  drawn 
along  the  front  face  of  Igloo  A  perpendicular  to 
the  centerline  of  the  igloo,  bines  were  then 
constructed  perpendicular  to  the  base  line  at 
fifty  foot  intervals  starting  with  the  center  line 
of  Igloo  .V.  These  lines  were  covered  by  two-men 
teams  in  jeeps.  Knell  missile  was  recorded  by 
its  line  number,  distance  from  base  line,  and  dis¬ 
tance  in  feet  east  or  west  of  the  nearest  line.  The 
missiles  were  then  plotted  on  a  map  of  the  area 
divided  into  100  foot  squares,  and  the  number 
of  missiles  falling  in  each  square  was  indicated 
without  attempting  to  plot  the  missiles  precisely. 
Lines  of  equal  missile  concentration  were  then 
drawn  to  produce  the  missile  map  shown  in  figure 
54. 

(:j)  A  study  of  the  missile  map  leads  to  the 
following  observations: 

(a)  Missiles  flew  out  farther  along  the  center 
line  axes  of  the  igloo  and  were  more  concentrated 
along  these  lines. 

(. b )  Greater  concentrations  occurred  in  front 
than  to  the  rear  of  the  igloo  np  to  1.500  feet. 

77U77 1  4s  3 


Beyond  this  distance  distribution  was  uniform 
along  tin'  axes. 

(r)  Greater  concentration  occurred  off  the  sides 
than  in  front  or  to  roar  from  250  to  1.500  feet, 
probably  due  to  the  door  barricade  which  seemed 
to  divert  missiles  toward  the  sides  at  this  range 
although  the  door  barricade  apparently  had  little 
effect  on  general  missile  distribution. 

(4)  Fragmentation  was  very  complete  with 
missiles  at  the  extreme  range  weighing  from  a 
few  ounces  to  five  pounds.  Xo  missiles  were 
found  exceeding  150  pounds  in  weight  with  the 
exception  of  a  few  large  pieces  of  concrete  lying 
in  and  adjacent  to  the  crater. 

(5)  For  the  purpose  of  studying  missile  trajec¬ 
tory.  twenty-five  M  47  chemical  bomb  eases 
were  sand  Idled  and  placed  in  the  stacks  with  the 
11.  K.  bombs.  Knell  bomb  was  numbered  with 
a  metal  stamp  in  the  hope  that  fragments  from 
the  bombs  could  be  identified  and.  with  the  initial 
and  final  locations  being  known,  some  estimate 
of  the  trajectory  could  be  made.  Unfortunately, 
no  identifiable  fragments  of  these  bombs  were 
found. 

i.  Scismologlail  (lain. 

(1)  Seismic  records  were  obtained  in  this  test 
by  the  Taylor  Model  Basin  at  distances  up  to  1 
mile  from  the  explosion.  Additional  data  were 
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NORTH  SOUTH  <t  PROFILE 


C 


EAST  WEST  <£  PROFILE 


NOTE- 

All  Dimensions  Given 
In  Feet. 

FifiUKE  22.  Crater  plan  ami  profiles,  Igloo  A,  Test  1. 
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not  obtained  due  to  a  power  failure  wliieli  pre¬ 
vented  the  operation  of  the  instruments  installed 
by  the  1’.  S.  ('oast  and  (ieodetie  Survey  and  the 
Bureau  of  Heehunation. 

(2)  Hesn/tx  obtain ed  by  Darid  Taylor  Model 
Basin. 


Kir. run  24.  Target  Igloo  H,  damage  to  earth  rover  and 
ventilator,  Test  1 


ft/)  Recording  instruments  used  to  measure 
earth  movements  were  mounted  on  conerete  piers 
constructed  on  an  overburden  of  10  to  15  feet, 
located  at  distances  of  >•>  mile  and  1  mile  from  the 
explosion  ffig.  55,  Dumonts  2  and  it).  The  TMB 
Type  It  para  Holograph  which  was  converted  to  an 
accelerometer  with  a  natural  frequency  of  17 
cycles  per  second  was  located  at  Dugout  2  and 
recorded  horizontal  accelerations.  The  TMB 
Type*  (’  pnrullelogrnph,  which  is  a  seismic  instru¬ 
ment  used  to  record  horizontal  displacements 
was  located  at  Dumont  it. 

(b)  In  addition  to  the  above,  five  muss-plug 
accelerometers  were  mounted  on  a  concrete  pier 
150  feet  east  of  Igloo  A  as  shown  in  figure  55. 
The  mass-plug  accelerometer  consists  of  a  mass 
supported  by  a  hakclitc  plug,  a  portion  of  which 
is  turned  down  to  a  diameter  such  that  it  will 
break  when  the  mass  is  subjected  to  the  approxi¬ 
mate  acceleration  for  which  the  plug  was  designed. 
A  1  000-g.  and  a  500-g.  accelerometer  were 
mounted  in  a  horizontal  plane  in  line  with  the 
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Fir.  i  uk  25.  Target  Igloo  C,  door  damage,  Test  1 


Kic.uke  20.  Target  Igloo  1),  door  damage,  Test  1 
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As  Determined  By  String  Gouges 


♦» 

I* 

«• 


;\ 

% 


l  : 

STRAIN 

As  Determined  By  Siring  Gouges 


2  3 


Positions  I,  2  8  3  Positions  4, 5  86 

Moximum8  Minimum  Movements  As  Determined  By  Slide  Gouges 


Position  No  I  Positions  2,38  4  Position  No  b 

Moximum  a  Minimum  Movements  As  Determined  Ry  Slide  Gouges 


2  3 

I 


Finol  Position  After  Explosion 


FinruE  27a.  Maximum  and  minimum  igloo  movement. 
Igloo  H 


2 


Position  No  I  Positions  2,384  Position  No.  5 

Finol  Position  After  Explosion 


I'im  uk  271).  Maximum  and  minimum  igloo  movement, 
Igloo  C. 


blast;  a  500-g.  and  a  .'500-g.  accelerometer  wore 
mounted  in  a  horizontal  plain'  perpendicular  to 
tin'  blast ;  anil  a.  BOO-g.  accelerometer  was  inoiintod 
in  a  vortical  position.  Tln*si*  mass-plug  aeceloro- 
ini'ti'rs  wore  mounted  in  such  a  way  as  to  respond 
only  to  earth  movement  and  not  to  the  air  shock, 
(e)  The  following  results  wore  obtained: 

1.  TMB  Type  1$  Parallolograph,  Dngont 

2  (}•  mile),  acceleration  0.25  g,  fre- 
(j Honey  1 1  o.  p.  s. 

2.  TMB  Type  C  Parallelograph,  Dngont 

(1  mile),  amplitude  0.015",  frequency 
4.7  e.  p.  s. 

S.  Mass-plug  accelerometers  none  of  the 
plugs  were  broken.  Acceleration  in 
the  direction  of  the  blast  less  than 
500-g.  Acceleration  in  the  horizontal 
and  vertical  planes  perpendicular  to 
the  direction  of  the  blast  less  than 
dOO-g. 

(<l)  It  should  be  noted  that  the  instruments 
measured  the  movement  of  the  concrete  piers  on 
which  they  wore  located.  The  piers  at  Dngouts 
2  and  .‘5  apparently  moved  with  the  earth  because 
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STRAIN 

As  Determined  By  Siring  Gouges 


Position  No  I  Positions  2,38  4  Position  No  5 

Maximum  8  Minimum  Movements  As  Determined  By  Slide  Gauges 


Position  No  1 


Positions  2,  38  4  Position  No  5 


Finol  Position  After  Explosion 

I'lcnu,  27c.  Maximum  and  minimum  igloo  movement, 
Igloo  I). 
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LEGEND 


,  I  Wall  Section-  Heavy  Projections 
Indicates  Broken  Studding 
Which  Must  Be  Replaced 
Light  Projections  Indicate 
Studding  Intact. 

-»  — Window  Sections- 

Single  Line  Indicotes  Glass,  Sash 
81  Frames  Demolished  Which 
Must  Be  Replaced  Center  Line 
Indicotes  Complete  Window 
Intact. 

il'es  Camera  Positions-  Area 

Between  Projections  Indicate 
Coverage  ft  Direction  Ot  Photo 
Adjacent  Number  Indicates 
Figure 


Fi<u  hk  2N.  barracks  ImildiiiK  dantUKc.  Legend  to  photos,  Tost  1. 


the  frequencies  recorded  by  the  instruments  were 
well  below  the  probable  nut  mill  frequencies  of  the 
pier-earth  system.  On  the  other  liinid,  the  forced 
vibration  of  the  earth  movement  experienced 
at  the  pier  supporting  the  mass-plug  aceelcrom- 
eters  may  have  been  of  higher  frequency  than 
the  natural  frequency  of  the  pier-earth  system 
because  of  its  proximity  to  the  blast.  I  f  the  forced 
frequency  were  considerably  higher  than  the 
natural  frequency  of  the  system,  the  pier  would 
tend  to  net  as  a  seismic  mass,  and  the  mass-plug 
accelerometers  would,  therefore,  not  measure  the 
true  acceleration  of  the  adjacent  earth. 

j.  AfeUontloi/iail  records  (Rtf.  it).  The  detona¬ 
tion  of  a  very  large  quantity  of  explosives  under 
test  conditions  nd'ordeil  an  excellent  opportunity 
to  measure  the  resulting  meteorological  phenomena 


under  circumstances  as  close  to  laboratory  con¬ 
ditions  as  possible.  The  meteorological  observa¬ 
tions  consisted  of  fa)  those  taken  in  the  vicinity 
of  the  test,  and  (b)  those  secured  by  voluntary, 
cooperative  observers  in  the  Western  States,  who 
had  been  requested  through  newspaper  and  radio 
announcements  to  listen  for  the  explosion  and 
forward  an  account  to  the  Weather  Bureau, 
Washington,  I).  O. 

(1)  ImitrumeuUit'ioii.  The  arrangement  of  the 
equipment  used  at  the  scene  of  the  explosion  is 
shown  in  figure  SO.  A  theodolite  and  a  micro¬ 
barograph  were  located  at  Station  \Y;  a  theodolite 
and  a  camera  were  located  at  Station  K;  and  a 
microbarograph  and  a  radiosonde  unit  were  located 
at  the  Army  Weather  Station.  In  addition  to  the 
above,  two  Benioff  elect romagnetie  barographs 
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u*’  namaRo,  lest  1.  Ka.st  elevation  (away  from  blast). 


Fiouke  41.  Barracks  damage.  Test  1.  FinruE  42.  Barracks  damage,  Test  1. 
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Ficuke  SO.  Harrackx  dntnaKc,  TcM  !.  Kinv -he  SI .  Harrncks  damage,  Toot  1 . 
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(described  in  Ref.  (i)  wore  used.  One  barograph 
was  placed  at  Dubois,  Idaho  (4 0.0  miles)  and  the 
other  at  West  Yellowstone,  Mont.  (111.2  miles). 

(2)  Remit*. 

(a)  Theodolite  observations  made  at  Stations 
E  and  \V  were  used  to  determine  the  height  of  the 
dust  and  smoke  cloud  (table  IX).  The  cloud 
reached  its  maximum  height  of  2, .180  foot  2  min¬ 
utes  after  the  explosion. 

(h)  The  micro  barograph  records  made  at  Sta¬ 
tion  IV  and  the  Army  Weather  Station  are  shown 
in  figures  57a  and  57b. 

(r)  The  electromagnetic  barograph  records  are 
shown  in  figure  58.  Time  interruptions  of  the 
light  beam  were  made  manually  in  synchronism 
with  aural  signals  received  by  radio  from  Station 
AYR.  The  pressure  phenomena  began  at  Dubois 
at  <)!):«  + 50"  and  ended  at  (Ml.'i.'l-f  50"  giving 
1,108.0  feet  per  second  and  1,100.7  feet  per  sec¬ 
ond,  respectively.  The  pressure  wave  phenomena 
began  at  West  Yellowstone  at  09:184-28"  and 
ended  at  OO.'iS-f  01 "  giving  sound  speeds  of  1,158.8 
feet  per  second  and  1,140.0  foot  per  second, 
respectively. 

((/)  The  radiosonde  observation  taken  at  09110 
MWT  is  shown  in  figure  50.  All  isothermal  layer 
extends  from  the  surface  at  10°  C.  to  I  .'ll  feet 
above  ground;  an  inversion  of  18°  ('.  at  1,470  foot 
above  ground;  and  an  isothermal  layer,  18° 


Tahi.k  IX.  -Two  theodolite  observations 


[Station:  Naval  Proving  (iromnl,  Aren,  Idaho.  Date:  Aug.2ii,  IU4.5. 
Starting  time:  (MM)  MWT] 

Observation  point :  Station  W.  Zero  s**tt in>r  on  Station  K.  Observer:  A.  W. 
Anderson 


Minute 

Kiev  at  ton 
angle 

w 

azimuth 

angle* 

Distance 
from  ob¬ 
servation 
|M»int  (ft.) 

Altitude 

(ft.) 

i 

10.  0 

275.  9 

II,  700 

2,  070 

2 

1 1.  2 

277.  1 

12,  030 

2,  380 

3  - 

12.  8 

277.  1 

10,  100 

2,  290 

r>_  _ 

9.  4 

139.  2 

6,  940 

1,  150 

Observation  point;  Station  h  •Zero  sotting  on  Station  \V. 

Travis 

Observer:  J. 

Minute  j 

Kiev at  ion 
angle 

w 

azimuth 

angle* 

1  >istnncv 
from  oh- 
serviit  ion 
point  (ft.)  ; 

Altitude 

(ft.) 

Azimuth 

angle 

W-K 

i 

!».  1 

241.  8 

13,  200 

2.  120 

34.  1 

2 

9.  95 

243.  3 

1 3,  350 

2,  340 

33.  8 

3 

1 0.  9 

238.  1 

11  800 

2,  270 

39.  0 

4 

1 

1 2.  5 

243.  9 

5,  050 

1,  120 

104.  7 

Hast,*  lim*  =  7,480  feet 


•Those  azimuth  angles  were  increased  ISO3  for  proper  orientation. 
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1'ir.i  uk  54.  Missile  map,  Test  ], 


c 


INSTR.  OUGOUT  7 

Figure  55.  Layout  of  seismic  instruments. 


ACCELEROMETER 


[Jbarracks 
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EXPLODED 

IGLOO 

A 


STA.E  (THEODOLITE  AND  CAMERA) 


Figure  56.  Layout  of  meteorological  stations,  Test  1. 


STATION  W 

Distance  From  Explosion  -  11,942  Feet 


PRESSURE  CHANGE 

.+  33  INCHES  Hg 


EXPLOSION  RECORDED  0930  +  13" 


PEN  DOWN  0905  M.W.T 


PEN  UP  0945  M.W.T. 


-.24  INCHES  Hg 


Figure  57a.  Pressure  changes  at  1 1,942  feet,  Test  1. 


STATION  AT  WATER  TOWER 
Distance  From  Explosion  -  41,840 Feet 


PRESSURE  CHANGE 
EXPLOSION  RECORDED  0930  +  41" 

.  .+  08  INCHES  Hg  . 

PEN  DOWN  0900  MWT  - - H  PEN  UP  1030  MWT. 

1  .08  INCHES  Hg  1 

Figure  57b.  Pressure  changes  at  41,840  feet,  Test  3. 
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to  2,221  foot  nbovo  the  {'round.  At  this  1(«v<>1  tem¬ 
perature  begins  to  full  ut  ti  lapse  rate  of  0.72°  ('. 
per  100  meters. 

( e )  The  winds  aloft  observation  taken  bv  a 
single  theodolite  observation  of  the.  radiosonde 
balloon  at  0920  MWT  is  shown  in  figure  00.  In 
the  lower  layers  the  wind  was  A E  4  nii)h  lip  to  900 
f(>('t  above  the  ground,  shifting  to  S\V  4  mph  at 
1,000  f(>et  above  the  ground,  and  increasing  to 
SW  18  mph  at  4,900  feet. 

(/)  Surface  observations  taken  from  0220 
MWT  to  1020  MWT  at  the  Army  Mobile  Weather 


Station  are  shown  in  figure  01.  Following  is  the 
observation  at  0920  MWT:  sky  clear;  visibility, 
.10  miles;  sea  level  pressure,  1,017  millibars;  tem¬ 
perature,  00°;  dew  point  49°  F.  ;wind  NE  4  mph. 
Surface  pressure  taken  from  radiosonde  8.14 
millibars. 

(</)  The  aural  observations  of  the  sound  caused 
by  the  explosion  are  plotted  in  figure  02  and  ex¬ 
plained  in  the  accompanying  table  X.  A  total  of 
700  reports  were  received,  of  which  72  reported 
hearing  the  explosion. 


PraperW  by _ ViHW  by - 

Figure  00.  Winds  aloft  record. 


mnuimau 
W2tffiSWMWM\ 
fllRRBBQHI 

■23253! 

7II71WIIII 

PlS9mES9BI 


I  VM¥JrM¥MJh  WMM&UftV 


Time  entries  on  Oil*  form  nee  1"  tH  meridUn  time 

To  convert  /  odd  \  / 

to  G.  C,  T.  1  .uhtnwt  ; - * - hour* 

Hot  hi  et  BtnoMWr  — ¥  rv  (MSLI 


tV/'w 


D.  8.  ARMY  WEATHER  SERVICE 

:e  weather  observations 

(LAND  STATION) 

WBAN-HA 


Figure  01.  Surface  weather  observations. 
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Tarlk  X. — Aural  re  ports  of  explosion,  Test  t,  Xaval  Proving  Ground,  Area,  Idaho,  0:30  a.  m.,  MW’T,  29  August  191,5 


No. 

Observation  point 

Latitude 

Longitude 

Not 

heard 

Heard  time 
MWT 

Kern  arks 

i 

Ilosevillc,  Calif 

0 

38 

45 

0 

121 

20 

10:07 

Roar. 

2 

Acatnpo,  Calif 

38 

15 

121 

30 

10:15 

Room. 

3 

Menlo  Park,  Calif 

37 

25 

122 

15 

X 

4 

Sausalito,  Calif 

37 

50 

122 

30 

10:30 

Faint  boom. 

5 

Coronado,  Calif  ..  _ 

32 

40 

117 

10 

X 

6 

Coalinga,  Calif _ _ _ 1 

36 

09 

120 

21 

10:35 

Sharp  jar. 

7 

Altnras,  Calif 

41 

25 

120 

30 

X 

8 

Saratoga,  Calif _ | 

37 

15 

122 

00 

X 

9 

Porterville,  Calif 

36 

02 

119 

00 

10:26 

Hard  bang  of  door. 

10 

San  Francisco,  Calif- 

I 

- 1 

X 

11 

Oakland,  ( "alif 

.  __ 

10:31 

Windows  vibrated. 

12 

10:45 

Low  long-toned  rumbles. 

13 

San  Francisco,  Calif 

:::: 

10:15 

14 

do 

_ 

10:20 

15 

10 

Three  Forks,  Mont  . 

45 

53 

111 

30 

09:52 

Very  loud. 

17 

AAF  Depot,  Ogden,  Utah 

41 

12 

112 

01 

X 

18 

Salt  Lake  Oitv,  l  tali 

09:46 

Like  dumping  dirt. 

19 

10:55 

Like  a  blast. 

20 

Lofgreen,  Utah 

40 

01 

112 

30 

10:10 

Large  blast  at  distance. 

21 

Murray,  Utah.. 

40 

40 

111 

55 

09:38 

Like  a  shotgun. 

22 

40 

30 

112 

20 

10:09 

Distant  thunder. 

23 

Magna,  Utah 

40 

45 

112 

10 

10:17 

Fairlv  loud. 

24 

46 

40 

123 

00 

25 

47 

10 

122 

30 

20 

45 

32 

122 

40 

27 

46 

05 

122 

28 

Klein,  Oreg 

45 

30 

117 

56 

X 

29 

Walla  Walla,  Wash  . 

46 

04 

118 

20 

09:50 

Charge  of  dynamite. 

30 

Washtucna,  Wash 

46 

45 

118 

20 

09:43 

Heard  plainly. 

31 

Firth,  Idaho ...... 

43 

15 

112 

08 

09:33.  5 

Low  rumble. 

32 

do 

43 

15 

112 

08 

09:34 

llarelv  heard. 

33 

Hlackfoot,  Idaho 

43 

15 

112 

15 

09:37 

2  claps  of  thunder. 

34 

Firth,  Idaho 

43 

18 

112 

05 

09:33 

2  distant  blasts. 

35 

Slid  lev,  Idaho  _ 

43 

20 

112 

15 

. ! 

09:34 

2  explosions  (not  loud). 

36 

do 

43 

18 

112 

08 

09:33 

Smelled  powder,  saw 

smoke,  heard  faint  noise. 

37 

do  .  .  —  _  _ 

43 

20 

112 

08 

09:34 

Distant  roar. 

38 

43 

30 

1 12 

04 

39 

do _ _  .  . 

43 

40 

112 

02 

09:33.  5 

Medium  loud. 

40 

43 

29 

112 

08 

09:32.  5 

Muffled  blast — 2. 

41 

Lorenzo,  Idaho 

43 

40 

111 

55 

09:34 

Clearly  heard. 

43 

llexburg,  Idaho 

43 

50 

111 

56 

09:32.  5 

Distant  thunder  roar. 

44 

|  St.  Anthony,  Idaho 

43 

57 

111 

48 

09:36 

Shook  house. 

45 

43 

30 

1 13 

03 

46 

47 

Idaho  Falls,  Idaho 

43 

38 

1 12 

00 

09:35 

48 

Sweet,  Idaho _ 

46 

00 

116 

18 

09:46 

Blast. 

49 

Terretou,  Idaho.  ..  . .  . 

43 

50 

112 

30 

X 

Three  blasts. 

50 

Mai  ad,  Idaho 

42 

OS 

112 

06 

51 

Donnelly,  Idaho 

44 

42 

110 

05 

. 

09:45 

2  short  rumbles. 

52 

Pine,  Idaho 

43 

38 

115 

20 

09:44 

Distant  thunder. 

53 

Idaho  Falls,  Idaho  .  .  ... 

43 

28 

112 

08 

09:35 

Like  distant  thunder. 

54 

Highv,  Idaho 

43 

39 

112 

00 

09:38 

Like  thunder. 

55 

Castleford,  Idaho 

42 

30 

115 

00 

X 

2  muffled  sounds. 

56 

Filer,  Idaho 

42 

32 

114 

37 

09:41 

Charge  of  dynamite. 

57 

Rexbttrg,  Idaho 

43 

49 

111 

50 

09:37 

Slight  jar — 3  sharp  raps. 

58 

Idaho  Falls,  Idaho 

43 

28 

112 

15 

09:35 

Blast. 

59 

do 

43 

27 

1  ’.'1 

56 

09:31 

Quito  loud — saw  smoke. 

60 

Shelley,  Idaho 

43 

20 

112 

05 

09:32 

Like  distant  thunder. 

61 

llexborg,  Idaho 

43 

49 

111 

50 

09:35 

Doors  rattled. 

62 

lloise,  Idaho _ 

43 

31 

116 

00 

09:45 

Loud  boom. 

63 

Idaho  Falls,  Idaho. 

43 

25 

112 

05 

X 

Rattled  doors— 09.36. 

64 

llexburg,  Idaho 

43 

48 

111 

40 

09:35 

Doors  rattled. 

65 

Bonners  Ferry,  Idaho 

48 

40 

116 

20 

09:53 

Low  rumbling  blast. 

66 

Firth,  Idaho 

43 

19 

112 

11 

09:32.  5 

Dull  shot,  shook  doors. 

68 

llexburg,  Idaho _ 

43 

45 

111 

50 

09:30 

Roar  like  thunder. 

69 

Culp  Creek,  Oreg 

1  43 

45 

122 

50 

10:00 

Like  dynamite. 

70 

Medford,  Oreg 

10:50 

Like  morning  salute. 

71 

Berkeley,  Calif 

X 

72 

Cherry villc,  Oreg  . 

10:30 

Distinct,  fairlv  loud. 

73 

Newport,  Oreg  .  _ 

09:55 

Very  dull  sound. 

74 

Wahiport,  Oreg  . 

09:40 

Came  from  ocean  side. 

42 
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Table  X. — Aural  reports  of  explosion,  Test  1 ,  Xu  vat  Proving  Ground ,  Arco,  Idaho,  9:30  a,  m.,  MWT ,  29  August  1945 —  Coil. 


No. 

ObsiTval  Ion  i>oiiit 

Latitude 

Lon  pit  tide 

1  Not 
heard 

Heard  time 
MWT 

Remarks 

75 

Kornev.  Idaho 

0 

45 

00 

o 

114 

40 

09:44 

70 

Pocatello,  Idaho 

09:31 

77 

Rigby,  Idaho 

09:30 

Light  blast. 

78 

Blackfoot,  Idaho 

45 

45 

112 

51 

— 

09:31.  5 

Loud  distant  t  lnmder. 

79 

Kirill,  Idaho 

09:32 

Big  blast. 

80 

_ do _ 

09:35 

Distinct  heavy  thump. 

81 

Throtilon,  Idaho 

09:33.  5 

Dull  rumble — 2. 

82 

Idaho  Kails,  Idaho 

09:30 

Battled  windows. 

83 

Bighy,  Idaho 

09:33 

84 

Pleasant  drove,  Utah 

— 

10:00 

* 

* 

* 

* 

* 

* 

* 

201 

Olympia,  Wash _ _ _ 

X 

202 

Winnipeg,  Manitoba - - - 

_ 

_ 

_ 

203 

Portland,  Orog - - - 

X 

204 

San  Kranciseo,  Calif 

X- 

205 

Colville,  Wash 

48 

40 

117 

45 

. 

10:50 

Like  a  gun  sound. 

200 

Longview,  Wash 

4(1 

10 

122 

55 

10:47 

Distinct  sound. 

207 

American  Falls,  Idaho — 

10:05 

Blast. 

208 

Heller  1  tali 

09:40 

Distinct  clang. 

209 

Salt  Lake  Cit\ .  Utah 

09:49 

Like  loud  thunder. 

210 

H  illsboro.  Ores . . - . . 

X 

Battled  windows. 

211 

Shelley,  Idaho... - - 

09:35 

Low  rumble. 

212 

Idaho  Kails,  Idaho 

09:35 

Muffled  shot. 

213 

Mountain  Home,  Idaho 

09:43 

Dynamite  charge. 

214 

Kings  Canyon  National  Park,  Calif 

... . 

10:51 

Loud  sharp  report. 

215 

10:28 

216 

_ 

X 

Distant  but  distinct. 

217 

218 

41 

15 

121 

10 

10:15 

219 

Donnelly .  Idaho 

44 

40 

no 

05 

09:47 

2  explosions. 

220 

39 

30 

118 

40 

X 

221 

45 

50 

119 

20 

222 

_ 

223 

224 

09:50 

Boom. 

225 

10.38 

2  reports. 

* 

* 

* 

* 

* 

* 

* 

301 

Mount  Laguna,  Calif 

32 

52 

116 

25 

10:32 

Faint  rumble. 

302 

La  Grande,  dreg 

45 

17 

118 

20 

10:00 

Distant  thunder. 

303 

Lehatn.  Wash 

4(1 

32 

123 

31 

10:11.  5 

3  distinct  rumbles  fol- 

lowed  by  a  blast. 

304 

Lacrosse,  Wash 

40 

49 

117 

53 

09:44 

Like  distinct  rumbles. 

305 

Peadwood  Pain,  Idaho  . 

44 

19 

115 

39 

09:45 

2  light,  2  loud. 

300 

Twin  Kails,  Idaho  —  , 

42 

33 

114 

28 

09:41 

Light  sound. 

307 

McCall,  Idaho 

44 

54 

110 

00 

09:47.  5 

Distant  thunder — 2. 

308 

Idaho  Kalis.  Idaho 

43 

31 

112 

03 

09:34 

Weak  rumble. 

309 

Arco  (1  mile),  Idaho 

43 

39 

1  13 

18 

09:32 

Bumble, 

310 

Howe,  Idaho 

43 

46 

1 13 

00 

09:32 

2  blasts,  then  echo. 

311 

Hock  Creek  Hanger  Station,  Idaho  .  . 

42 

12 

114 

20 

09:43 

2  explosions. 

312 

X 

313 

San  Jacinto,  Nov 

11 

55 

114 

29 

09:45 

2  distinct  rumbles. 

314 

Winneinueca,  Xey 

40 

58 

117 

43 

X 

315 

Laketown,  Utah 

41 

49 

111 

19 

X 

310 

Logan,  Utah 

41 

44 

111 

49 

X 

317 

Garland,  Mont 

4ti 

02 

105 

50 

10:22 

Dull  thud. 

318 

Custer,  Mont 

4ti 

08 

107 

27 

X 

319 

Kort  liridger,  Wvo 

41 

23 

1 10 

24 

09:51 

Multiple  echoes. 

320 

Ola,  Idaho . . . . 

44 

12 

110 

15 

09:47 

Kaiut  then  loud  sound. 

321 

Cedar ville,  Calif 

41 

51 

120 

07 

X 

322 

Kt.  Bidwell.  Calif 

42 

00 

120 

00 

X 

323 

Kort  Ilall,  Idaho 

43 

02 

1  12 

20 

X 

324 

Yelland  Kicld,  Klv,  Nev 

39 

17 

114 

52 

X 

325 

Auburn,  Calif 

38 

57 

121 

04 

X 

320 

Kttreka  Nev 

39 

1(1 

110 

00 

X 

_  _  _ _ _ _ 

327 

Oaklev,  Idaho 

42 

14 

113 

54 

X 

328 

Salmon,  Idaho 

45 

11 

1 13 

53 

X 

_ 

329 

San  Kranciseo,  Calif 

— 

_ 

_ _ 

X 

330 

Crescent  City,  Calif 

41 

44 

124 

12 

X 

331 

Brady,  Mont . . . 

42 

02 

III 

21 

X 

43 


Tabi.e  X. — Aural  reports  of  explosion,  Test  1,  Xuval  I'rovimj  Ground,  Area,  Idaho ,  0:30  a.  m„  M  \YT,  20  .1  ugust  10  {5 — Con, 


N». 

Observation  point 

Latitude 

Loncitinlc 

Not 

heard 

Heard  lime 
MU  T 

Kenmrks 

332 

Goldbuttc,  Mont 

48 

/ 

58 

o 

in 

23 

X 

333 

Dunkirk,  Mont 

48 

39 

in 

31 

X 

334 

Crater  Lake  National  Park,  Orcg 

X 

33.') 

Fort  Collins,  Colo 

40 

35 

105 

04 

X 

33G 

(ilacier  National  Park,  Mont 

X 

337 

Lakeview,  Greg 

42 

33 

119 

39 

X 

338 

Roland,  Idalto 

47 

21 

115 

40 

X 

339 

Sexton  Summit,  Oreg 

42 

30 

123 

22 

X 

340 

Moose,  Wvo  _ 

43 

49 

110 

41 

X 

. 

341 

Trona  Calif 

35 

45 

117 

30 

X 

342 

Klk  Valiev,  Calif 

42 

00 

123 

42 

X 

343 

Telegraph  Creek,  Mont 

47 

47 

107 

38 

X 

344 

Oceanside,  Calif 

33 

14 

117 

25 

X 

345 

Lamar,  Colo 

38 

04 

102 

37 

X 

340 

Prospect,  Oreg 

42 

47 

122 

29 

X 

_ 

347 

Imlependence,  Calif 

37 

00 

118 

00 

X 

348 

Gold  (’reek,  Kev  _ 

41 

47> 

115 

40 

X 

349 

Hamilton,  Mont 

40 

15 

114 

09 

X 

350 

Grouse,  Idaho 

43 

42 

113 

37 

X 

351 

(Ilonas  Kerry,  Idaho 

42 

57 

115 

19 

X 

— 

352 

Cliallis  National  Forest,  Idaho 

44 

30 

114 

28 

X 

353 

Fence  Meadow  Lookout,  Calif 

37 

00 

119 

10 

X 

354 

47 

37 

120 

35 

355 

Hoodsport,  Wash  _ _ 

47 

25 

123 

10 

X 

350 

42 

35 

111 

44 

357 

Ingoinar,  Mont  _ 

40 

13 

107 

19 

358 

44 

03 

113 

48 

X 

359 

45 

11 

123 

53 

300 

Culbertson,  Mont.  _  __  . 

48 

08 

104 

32 

X 

301 

Tonopah,  Xev 

38 

04 

117 

00 

* 

302 

Grand  View,  Idaho  _  _  •  _ 

42 

59 

lit) 

00 

303 

Rosalia,  Wash 

47 

14 

117 

21 

X 

304 

Sherman  Hraurh  Kxperiment  Station, 

45 

27 

120 

42 

X 

Oreg. 

305 

48 

40 

98 

20 

x 

300 

Oeliora  Forest,  Calif 

40 

20 

120 

20 

X 

307 

Maekcv  Ranger  Station,  Idaho 

43 

O.) 

113 

30 

X 

308 

40 

42 

122 

24 

309 

34 

20 

117 

31 

37(1 

Lockheed  \ir  Terminal,  Calif 

34 

12 

118 

22 

X 

371 

Death  Valiev.  Calif  _ 

30 

00 

no 

00 

372 

34 

04 

1 17 

44 

373 

Santa  Clara,  Calif 

37 

20 

121 

57 

X 

374 

Bishop,  Calif 

37 

22 

118 

2.5 

X 

375 

Tchaohapi,  Calif 

35 

08 

118 

27 

X 

370 

West  haven,  Calif 

X 

377 

Middlcwatcr,  Calif 

35 

33 

119 

52 

X 

378 

Coachella,  Calif 

33 

15 

no 

10 

X 

379 

Long  Heacli,  Calif 

33 

47 

118 

10 

X 

380 

Santa  Rosa.  Calif 

38 

20 

122 

42 

X 

381 

Mount  Shasta.  ( ’ a  1  i f 

41 

17 

122 

10 

X 

382 

.do  - - 

41 

18 

122 

18 

X 

383 

Hint*  Can  von,  Calif 

39 

10 

120 

45 

X 

384 

Pasadena,  Calif 

31 

03 

1  IS 

it) 

X 

385 

Tahoe,  Calif 

39 

10 

120 

10 

X 

380 

Oakland,  (  ’alif 

37 

43 

122 

13 

X 

387 

Sandberg,  Calif 

34 

45 

118 

44 

X 

• 

388 

\rlight ,  ( 'alif 

31 

33 

120 

30 

X 

389 

Ncwhall,  Calif 

34 

24 

1  IS 

32 

X 

390 

Cioleta,  Calif 

34 

25 

119 

48 

X 

391 

Fresno,  (’alif.  _  _ 

30 

43 

119 

49 

X 

392 

Lodi,  Calif _ _ _ 

38 

07 

121 

17 

X 

393 

Los  Angeles,  (’alif 

34 

03 

118 

15 

X 

394 

Red  Bluff.  Calif 

40 

09 

122 

15 

X 

395 

Los  Angelos,  (’alif 

34 

03 

118 

32 

X 

390 

Beaumont ,  Calif 

33 

50 

110 

50 

X 

397 

Palomar,  (  alif 

33 

21 

110 

51 

X 

398 

March  Field,  Calif 

33 

53 

117 

15 

X 

399 

San  Diego,  Calif 

32 

43 

117 

10 

X 

400 

Needles,  Calif 

31 

47 

114 

38 

X 

401 

101  Centro,  Calif 

32 

19 

115 

39 

X 

402 

Donner  Summit  Pass,  Calif 

39 

19 

120 

20 

X 

— 

403 

Sacramento,  Calif 

38 

31 

121 

30 

\ 

— 

44 


Tabi.f  X,  Aural  reports  of  explosion,  Test  1,  Xu  vat  Troriny  Ground,  Areo ,  Idaho t  9:  SO  a.  m.,  MWT,  29  Avgust  19/to — (‘on. 


4 


No. 

Observation  point 

I.lit  it>i<Io 

Longitude 

404 

Kureka,  Calif _ 

o 

40 

48 

124 

1 1 

40,') 

1  Oakland,  Calif _ 

37 

44 

122 

12 

400 

Imperial,  Calif _ 

32 

51 

115 

34 

407 

Bakersfield,  Calif 

35 

25 

1 19 

03 

408 

Lake  Arrowhead,  Calif 

34 

15 

117 

1 1 

409 

Baker,  Calif 

35 

20 

110 

05 

410 

Mojave,  Calif _ 

34 

30 

1  18 

11 

411 

San  Bruno,  Calif _ _ 

37 

37 

122 

23 

412 

Williams,  Calif _ 

39 

00 

122 

09 

413 

Mount  Hamilton,  Calif  . 

37 

20 

121 

40 

414 

Santa  Cruz,  Calif 

37 

05 

122 

00 

415 

L’kiah,  Calif 

39 

08 

123 

12 

410 

King  City,  <  alif 

30 

13 

121 

08 

417 

Santa  Maria,  Calif 

34 

54 

120 

27 

418 

Yosemite  National  Park,  Calif 

37 

45 

1  19 

49 

419 

Kiee,  Calif 

34 

09 

115 

07 

420 

421 

Baker,  Oreg  _  .  _  . 

44 

40 

117 

51 

422 

Vale,  Oreg 

43 

58 

1  17 

15 

423 

Burns,  Oreg 

43 

35 

119 

08 

424 

(‘an von  Citv,  Oreg 

44 

23 

1 18 

58 

425 

Pendleton,  Oreg 

45 

41 

118 

51 

420 

Prineville,  Oreg 

44 

19 

120 

52 

427 

Springfield,  Oreg 

44 

oo 

122 

41 

428 

McMinnville,  Oreg 

45 

12 

123 

12 

429 

Forest  Grove,  Oreg 

45 

31 

123 

05 

430 

Salem,  Oreg  .  .... 

44 

55 

123 

00 

431 

Dallesport,  Oreg 

45 

37 

121 

09 

432 

Medford,  Oreg 

42 

23 

122 

52 

433 

enterprise,  Oreg 

45 

24 

117 

19 

434 

Baker,  Oreg 

44 

52 

117 

51 

435 

44 

52 

1  17 

51 

430 

Crescent,  Oreg 

43 

28 

121 

42 

437 

Siskivon  Summit,  Oreg  _  .  _ 

42 

05 

122 

34 

438 

Portland,  Oreg  ...  .  .  .... 

45 

30 

122 

30 

439 

Kugene,  Oreg 

44 

07 

123 

13 

440 

Mount  llebron,  Calif 

41 

47 

122 

10 

441 

Sliasta  County,  Calif 

40 

44 

122 

31) 

442 

Portland,  Oreg  - 

45 

33 

122 

34 

443 

Hosetmrg,  Oreg 

43 

13 

123 

20 

444 

Bellingham,  \\  ash 

48 

48 

122 

32 

445 

Diablo  Dam,  Wash . . . 

48 

43 

121 

08 

440 

Kaston,  Wash 

47 

15 

121 

11 

447 

Yakima,  Wasli 

40 

34 

120 

32 

448 

Kphrata,  Wash 

47 

18 

1 19 

31 

449 

Prosser,  Wash  ... 

40 

20 

119 

50 

450 

451 

Stein-kin,  Wasti  . 

48 

20 

120 

42 

452 

Walla  Walla,  Wash 

40 

00 

118 

17 

453 

Spokane,  Wash 

47 

40 

117 

20 

454 

Goldeudate,  Wash 

45 

40 

120 

50 

4  55 

Pullman,  Wash 

40 

45 

117 

15 

450 

Stevenson,  Wash 

45 

43 

121 

50 

457 

X aches,  Wash 

40 

20 

120 

19 

458 

Kllonsbun',  Wash 

47 

01 

120 

29 

459 

Snoqualmie,  \\  ash 

47 

31 

121 

15 

400 

Kelso,  Wash _ 

40 

08 

122 

;>;> 

401 

Ariel,  Wash 

40 

00 

122 

30 

102 

Coulee  Dam,  Wash 

47 

58 

118 

59 

403 

Olvntpin,  Wash, 

40 

5S 

122 

54 

104 

Forks,  Wash ....  ... 

17 

55 

121 

23 

405 

Omak,  Wash 

48 

20 

11!) 

32 

400 

Alder,  Wash 

II) 

50 

122 

10 

407 

Colville,  Wash _ 

48 

32 

117 

52 

408 

W inlock,  Wash  _  . . . 

40 

29 

122 

48 

409 

North  Head,  Wash 

40 

IS 

124 

05 

470 

Cte  Kilim,  Wash 

47 

15 

120 

50 

471 

Kllensburg.  Wash 

47 

02 

120 

31 

472 

Coeur  d'Alene,  Idaho 

47 

40 

111) 

49 

473 

Idaho  Citv,  Idaho 

43 

50 

115 

50 

171 

Orangeville,  Idaho 

40 

00 

110 

00 

475 

American  Falls,  Idaho 

12 

10 

112 

52 

170 

Driggs,  Idaho _ 

43 

43 

II  1 

07 

Not 
Inure  1 


\ 

X 

\ 

X 

X 

X 

X 

X 


llmnl  time 
MWT 


I 


Honmrks 


45 


Tab  Lit  X. — Aural  reports  of  explosion,  Test  1,  Naval  Proving  Ground,  Arvo,  Idaho,  9.30  a.  m.,  MWT,  29  August  1945 — Con. 


No. 

Observation  point 

Latitude  j 

Longitude  I 

Not 

heard 

He  uni  time 
MWT 

Remarks 

477 

Gooding,  Idaho _ 

o 

42 

55 

0 

1 14 

47 

X 

... 

478 

Island  Park  I)am,  Idaho _  . 

44 

26 

111 

24 

X 

479  1 

Gray,  Idaho  . 

43 

04 

111 

22 

X 

480 

Porihill,  Idaho  _ 

49 

00 

116 

30 

X 

481 

Sugar,  Idaho .  .  ....  ( 

13 

52 

111 

46 

X 

482 

Caldwell,  Idaho 

43 

39 

116 

41 

X 

483 

Highy,  Idaho 

43 

38 

111 

46 

,\ 

484 

Ashton,  Idaho _  _ _ _ { 

44 

05 

111 

27 

X 

485 

Irwin,  Idaho _ 

43 

24 

111 

IK 

X 

480 

Winchester,  Idaho 

46 

14 

116 

36 

X 

487 

Blaekfoot ,  Idaho 

43 

11 

112 

21 

X 

488 

Mav,  Idaho _ 

44 

36 

113 

55 

X 

489 

.Moscow,  Idaho _ 

46 

44 

117 

00 

X 

490 

Malad  City,  Idaho 

42 

10 

112 

15 

X 

491 

St  re  veil,  Idaho 

42 

01 

113 

13 

X 

492 

42 

05 

111 

52 

493 

47 

27 

115 

40 

494 

Cottonwood,  Idaho 

46 

03 

116 

21 

X 

495 

Pavettc,  Idaho 

44 

05 

116 

56 

X 

490 

43 

34 

l  ir> 

13 

497 

Challis,  Idaho _ 

44 

30 

114 

14  1 

x  ; 

498 

llailev,  Idaho 

43 

31 

114 

19 

X 

499 

43 

57 

1 14 

49 

500 

Hurler,  Idaho 

42 

32 

113 

43 

X 

501 

Reno,  Nov.  _ 

39 

30 

1 19 

47 

502 

39 

25 

118 

43 

503 

36 

116 

15 

504 

40 

02 

118 

11 

505 

39 

30 

1 19 

47 

506 

Hattie  Mountain,  Nev__ 

40 

32 

116 

52 

X 

507 

38 

26 

1 17 

12 

X 

508 

41 

58 

116 

06 

509 

37 

55 

114 

30 

510 

36 

27 

103 

09 

511 

34 

27 

1 12 

24 

512 

Xixon  Xev 

39 

48 

119 

21 

513 

Pavson,  Ariz 

34 

00 

111 

00 

X 

514 

32 

18 

112 

45 

X 

515 

34 

39 

1 12 

26 

516 

Tucson,  Ariz 

32 

07 

110 

55 

X 

517 

St.  Johns,  Ariz 

34 

31 

109 

21 

X 

518 

32 

02 

109 

55 

519 

34 

49 

109 

52 

520 

Flagstaff.  Ariz _ 

35 

30 

111 

50 

521 

(ilobo,  Ariz 

33 

24 

110 

47 

1  X 

522 

3:> 

03 

107 

45 

523 

35 

05 

100 

00 

524 

Kngle,  S’.  Me.x 

33 

n 

106 

59 

X 

525 

Tiiciinicari,  X.  Mrs. . . 

35 

n 

103 

36 

X 

526 

39 

38 

111 

09 

X 

527 

41 

12 

112 

01 

X 

528 

41 

12 

112 

01 

X 

529 

40 

20 

112 

03 

X 

530 

41 

31 

111 

09 

531 

38 

20 

113 

00 

X 

532 

Delta,  Utah _ 

39 

23 

112 

31 

X 

533 

37 

03 

112 

32 

534 

38 

58 

112 

20 

535 

Hoosevclt,  Utah 

40 

18 

109 

59 

X 

536 

Willard.  Utah _ 

41 

30 

112 

00 

X 

537 

Salt  Lake  Citv,  l  tali 

40 

47 

111 

58 

X 

538 

Coalville,  Utah _ 

40 

55 

111 

24 

X 

539 

Deseret,  Utah 

39 

17 

112 

39 

X 

540 

Fort  Duchesne,  Utah 

40 

18 

109 

51 

X 

541 

Grantsville,  Utah 

40 

36 

112 

28 

X 

542 

Park  Valiev,  Utah 

41 

50 

113 

20 

X 

543 

I.ucin,  Utah 

41 

22 

1X3 

50 

X 

544 

41 

28 

112 

16 

545 

Bryce  Canyon,  Utah 

37 

38 

112 

10 

X 

546 

Bluff,  Utah 

37 

18 

109 

33 

X 

547 

38 

34 

109 

33 

548 

Modena  Utah 

37 

41 

113 

40 

X 

549 

Blandiug,  Utah 

37 

38 

109 

28 

X 

46 


Tahi.k.  X. — Aural  reports  of  explosion,  Test  1,  Xaval  Proving  Ground,  Area,  Idaho,  9:30  a.  m.,  M  H'T,  29  August  19','t — Con 


No. 

Observation  |»oiiit 

latitude 

I«4)llgitll<lu 

Not 

heard 

Heard  time  1 
MWT 

550 

Suit  Luke  C'itv,  Utah 

40 

40 

0 

ill 

54 

X 

55 1 

Forks,  Mont 

48 

46 

107 

26 

X 

55  2 

fllasgow,  Mont 

48 

11 

106 

38 

X 

553 

(’tit  Hank,  Mont 

48 

36 

112 

22 

X 

554 

Westbv,  Mont 

48 

53 

104 

03 

X 

555 

Hntte,  Mont 

45 

58 

112 

30 

X 

550 

Barber,  Mont 

46 

18 

109 

23 

557 

.Mildred,  Mont 

46 

41 

104 

56 

X 

558 

Wyola,  Mont _ 

45 

08 

107 

24 

559 

Plains,  Mont _ _ _ 

47 

20 

114 

50 

500 

Whitehall,  Mont  .  . 

45 

48 

112 

16 

X 

501 

Billings,  Mont  _  _  __  _  . 

45 

48 

108 

32 

X 

502 

Bozeman,  Mont 

45 

40 

111 

00 

X 

503 

Jordan,  Mont.  _  _ 

47 

30 

106 

50 

X 

564 

Kkalaka,  Mont  _  ___  _  _  _  _____ 

45 

53 

104 

34 

X 

565 

Mvstic  Lake,  Mont 

45 

14 

109 

45 

X 

560 

Lewistown,  Mont 

47 

03 

109 

27 

X 

567 

Miles  C’itv,  Motit__  _ _ _ 

46 

20 

105 

52 

508 

Helena,  Mont  _ _ _  _ _ 

46 

30 

1 12 

00 

X 

509 

Drummond.  Mont 

46 

38 

1 13 

11 

570 

Lame  Door,  Mont.  _  . 

45 

38 

106 

40 

571 

46 

18 

1 14 

3'! 

572 

Missoula,  Mont 

45 

55 

114 

05 

X 

573 

Wisdom,  Mont.  _  _ 

40 

1 13 

30 

574 

(ireat  Falls,  Mont _  _ 

47 

30 

1 11 

21 

X 

575 

Darby,  Mont__  ______  _  __ 

46 

03 

1 14 

11 

576 

Harlem,  Mont.  _  _  _ 

48 

42 

108 

47 

X 

577 

Havre,  Mont 

48 

34 

109 

40 

578 

Browning,  Mont  _  _ 

48 

34 

113 

01 

579 

Kalispell,  Mont  _  _ 

48 

10 

1 14 

25 

580 

White  Sulphur  Springs,  Mont. 

16 

32 

110 

581 

Haugan,  Mont  ___  _  __  _  _ 

47 

22 

1 15 

24 

582 

Lonepino,  Mont  .  .  .  . 

47 

43 

114 

39 

X 

. 

583 

Lima,  Mont 

44 

39 

112 

36 

X 

584 

Fair  view,  Mont 

47 

51 

104 

01 

585 

Livingston,  Mont  _  _  _ 

45 

40 

110 

32 

X 

586 

Dillon,  Mont 

45 

15 

1 12 

33 

587 

Libbv,  Mont 

48 

24 

1 15 

32 

X 

588 

Atlgusta,  Mont 

47 

36 

1 12 

47 

X 

589 

Frazer,  Mont 

48 

04 

100 

02 

590 

Stanford,  Mont 

47 

09 

1 10 

12 

X 

591 

Crow  Agency,  Mont 

45 

35 

107 

20 

592 

Helena,  Mont 

47 

30 

110 

00 

593 

Winnett,  Mont 

47 

00 

108 

20 

X 

584 

Iaisk,  Wvo_.  _  __  _  . 

42 

44 

104 

28 

595 

•Sinclair,  \Vvo_  _. 

41 

48 

107 

03 

596 

Laramie,  \V\'o  _  ...  _  _ 

41 

18 

105 

40 

597 

42 

106 

20 

598 

La  Bange,  Wvo.  _  _ 

42 

15 

110 

20 

— 

599 

Lander,  Wvo  _  _ 

42 

50 

108 

45 

- - 

000 

41 

09 

104 

49 

* 

001 

42 

44 

105 

22 

002 

42 

32 

110 

03 

003 

41 

30 

109 

06 

004 

44 

46 

106 

58 

605 

38 

14 

104 

38 

006 

38 

03 

15 

103 

57 

007 

Leadvillo,  Colo 

39 

106 

18 

X 

008 

Mesa  Count  v  Colo 

39 

00 

108 

44 

X 

009 

39 

46 

104 

53 

010 

Denver,  Colo 

39 

45 

105 

00 

X 

Oil 

Trinidad,  Colo. 

37 

15 

104 

20 

X 

012 

Akron.  Colo 

40 

10 

103 

10 

X 

013 

40 

25 

105 

45 

014 

37 

20 

105 

51 

015 

Overtoil,  Nebr _ 

40 

44 

99 

26 

X 

016 

Hayes  Center,  Nebr 

Lincoln,  Nebr 

40 

31 

100 

58 

X 

017 

40 

52 

96 

46 

X 

018 

North  Platte,  Nebr 

41 

0,8 

100 

45 

X 

019 

41 

08 

102 

59 

620 

(‘hadron,  Nebr 

12 

50 

103 

05 

X 

021 

Scott?  Bluff,  Nebr 

41 

52 

103 

36 

X 

022 

North  Platte,  Nebr 

41 

08 

100 

12 

X 

Remarks 


47 


T able  X. — Aural  reports  of  explosion,  Test  1,  Xaval  Proving  Ground,  Area,  Idaho,  0:30  a.  m.,  M II' T,  '30  A  uipist  If). ',6 — Con. 


No. 

Observation  |M)int 

023 

Rig  Springs,  Xebr  .  .  __ 

024 

Grand  island  Xebr  . 

025 

Pierre,  S.  Dak.  . 

020 

Philip,  S.  Dak 

027 

Huron,  8.  Dak  ... 

OSS 

Rapid  ('it v,  S.  Dak  ... 

029 

Volva,  X.  Dak _ 

030 

l.inton  X.  Dak 

031 

Keitsal,  X  Dak 

032 

Jamestown,  X.  Dak 

033 

Aniidoti,  X.  Dak  .  .  .... 

034 

Foxholm,  \.  Dak 

035 

Petersburg,  Dak  .....  .  . 

030 

Rugby,  X  Dak 

037 

Devils  Lake,  X.  Dak 

038 

Ashlev,  X.  Dak. 

039 

Minot.  X  Dak  ...... 

040 

Kllendale,  X.  Dak  . 

041 

Bismarck  V.  Dak  . .  . 

042 

Grand  Forks,  N.  Dak  ...  _ 

043 

Fargo,  X.  Dak  _____  _ 

044 

Pembina,  X.  Dak  _  __  _ 

045 

Golva,  X.  Dak  ..  . 

040 

Steele,  X.  Dak  . 

047 

Valiev  Citv,  X.  Dak . . . 

048 

Garden  Citv,  Kans . 

049 

(ioodlaml  Kans  .  .  . . 

050 

Dodge  Citv,  Kans . 

051 

Twin  Peaks,  t’alif 

632 

053 

Oliitde,  Ariz  _  ..... 

054 

Skull  Valiev,  Ariz  ...... 

055 

l'redonia  Ariz _ 

050 

Holbrook.  Ariz  ..  __  ___ 

057 

058 

Coolidge,  Ariz  _  _ 

059 

Flagstaff,  Ariz.  _ _ _ 

000 

Grand  ('anvon,  Ariz  .... 

001 

Alpine,  Ariz  .  ..  .  . 

002 

Ajo,  Ariz  . 

003 

Jerome,  Ariz  .  ...  . . 

004 

Ajo,  Ariz .........  ...... 

005 

000 

Xogales,  Ariz  _  .  _ 

007 

Henson,  Ariz  .  ..  ..  ..  .  . 

008 

009 

Silver  bake,  Ariz 

070 

Broke, )tr  Alt.  Calif 

071 

Canvon  Citv,  dreg 

072 

( 'liieo,  Calif 

073 

Mineral,  Calif 

074 

Zion  National  Park,  1'tali 

075 

bas  Vegas,  Xev _  _ 

570 

Sacramento,  Calif  _  _ 

077 

\daven,  Xev  ________ 

078 

li(»s  Angelos,  Calif __ 

0.79 

Mount  Hood,  Dreg 

080 

llaiwee,  Calif 

081 

Three  Creek,  Idaho 

082 

St.  Ignalins,  Mont 

083 

Badger,  Calif 

084 

Jim  turn,  Orag _ _ 

085 

Bilteroot  Xational  Forest 

080 

_ do _ _ _ 

087 

Kav  cee,  Wvo 

088 

Mt.  Montgomery,  Xev 

089 

Fisli  Lake,  t  tali 

090 

Rapid  Citv,  S'.  Dak.,  Scisinologieal  S(a- 

t  ion. 

091 

Seattle,  Wash 

092 

Fester,  Wash _ _ _ 

093 

D road  us,  Mont, _ _ 

094 

Austin,  Xev 

Latitude  LoiieUiiilf  "'mwt'11'  It, 'marks 


O 

, 

O 

, 

41 

05 

102 

07 

X 

40 

59 

98 

18 

X  _  _  .  _ _ 

44 

23 

100 

17 

X  I  . 

44 

03 

101 

30 

X  I . 

44 

21 

98 

14 

X  _ 

44 

09 

103 

00 

X 

48 

05 

100 

55 

X  . 

41) 

10 

100 

14 

X 

47 

15 

98 

52 

X 

4f> 

55 

98 

41 

X 

40 

29 

103 

30 

X 

48 

30 

101 

33 

X  ' 

48 

00' 

98 

00 

X  _  _  _ 

48 

30 

99 

00 

X 

48 

07 

98 

52 

X 

40 

02 

99 

21 

X 

48 

10 

101 

17 

X 

45 

58 

98 

38 

X 

4 1> 

47 

100 

40 

X 

47 

50 

97 

05 

X 

4(> 

54 

90 

48 

X 

48 

55 

97 

10 

X  . 

40 

40 

103 

57 

X  !____  _ 

40 

51 

90 

50 

X 

4f> 

50 

98 

00 

X  .  . 

37 

58 

100 

59 

X 

39 

21 

101 

40 

X  _  _ 

37 

40 

99 

58 

X  I . 

34 

15 

117 

30 

X  |  . 

34 

It) 

112 

44 

X 

31) 

09 

109 

32 

X 

34 

30 

112 

40 

X  _______ 

30 

57 

112 

32 

34 

49 

109 

52 

x 

30 

40 

111) 

31 

X 

33 

00 

lit) 

32 

X  .  _ 

35 

10 

111 

45 

X 

30 

03 

112 

08 

X 

33 

50 

109 

08 

X 

31 

;>.) 

112 

50 

X  _  _  _ 

34 

50 

112 

10 

X  |  . . 

32 

22 

112 

51 

X 

34 

10 

1 1 1 

28 

X 

31 

10 

no 

59 

X 

31 

45 

no 

17 

x 

35 

10 

n  i 

05 

X  |_ . . 

31 

30 

no 

or, 

X 

40 

27 

121 

34 

X  . . 

44 

25 

119 

00 

X 

39 

42 

121 

49 

X 

40 

21 

121 

34 

X 

37 

15 

112 

59 

x  I . 

30 

10 

115 

3S 

X 

38 

35 

121 

30 

X 

38 

00 

115 

30 

X  _. 

33 

50 

118 

23 

X  . . 

45 

20 

121 

43 

X  _ 

30 

22 

118 

0(1 

x  L 

42 

03 

115 

10 

X 

47 

18 

114 

05 

X 

30 

30 

IIS 

00 

X 

43 

45 

118 

05 

X  .  I  .  ... 

45 

50 

1 II 

40 

X  _ _ _ 

45 

35 

111 

50 

X  _  _  _ 

43 

40 

ino 

39 

X 

38 

00 

1 18 

10 

X 

38 

40 

1  1  1 

50 

X  _ 

14 

40 

103 

12 

X  I _ 

47 

30 

122 

15 

X 

47 

17 

121 

20 

X 

45 

20 

105 

25 

X  . . 

39 

29 

1 17 

02 

X 

48 


Tablh  X. — Aural  reports  of  explosion,  Test  1,  Suva!  Proving  Ground,  Arro,  Idaho ,  9:30  a.  m.,  MWT,  29  August  19/fo — Con. 


No. 

OtM'rmkm  (mini 

Latitude 

1  (unfit ml<<  •N*01  Heard  time 

heard  MWT 

09') 

Riggins,  Idaho 

45 

20 

110 

• 

19  x 

590 

Springerville,  Ariz 

34 

07 

109 

34  x 

097 

Angola,  Mont 

4  (> 

47 

100 

08  x 

098 

Portland,  Oreg _ 

4(i 

10 

122 

55  x 

099 

l’ioroo,  Idaho 

4(i 

29 

1 15 

48  x 

700 

Anatono,  Wash 

4(i 

00 

117 

on  x 

701 

Bonanza,  Orog 

42 

17 

121 

07  x 

702 

Rook  Island,  Wash 

X 

703 

Salt  Lake  City,  Utah _ 

40 

40 

111 

.57  x 

704 

_ do _ 

40 

40 

111 

57  x 

70.5 

Flag  Mountain,  S.  Dak 

44 

04 

103 

49  x 

700 

Douglas,  Ariz 

31 

20 

100 

30  x 

707 

Oro  lilanoo,  Ariz 

31 

30 

111 

IS  x 

708 

Klko,  Xcv 

40 

.).) 

115 

45  x 

709 

Anton  Chico,  N.  Mcx 

30 

08 

105 

05  x 

710 

K1  Morro,  N.  Mcx 

35 

01 

108 

21  x 

711 

Las  Vegas,  X.  Mcx 

_  X  _ 

712 

Santa  Fe,  X.  Mcx 

3b 

38 

100 

00  x 

713 

Albuquerque,  X.  Mcx 

35 

03 

100 

37  x 

714 

Carrizozo,  X.  Mcx _ 

45 

00 

10.5 

00  x 

71.5 

(limnon,  Ok  la  _  ___  _ 

30 

40 

101 

30  x 

710 

Mogollon,  X.  Mcx 

33 

24 

108 

48  x 

717 

Raton,  X .  Mcx  . .... 

30 

45 

104 

30  x 

718 

I)es  Moines,  X  Mcx 

30 

40 

103 

.50  x 

719 

Tuoumeari,  X.  Mex  .  .... 

35 

12 

103 

41  x 

720 

Fort  Wingate,  X.  Mex.  _  __  ... 

3.5 

00 

108 

30  x 

721 

\ztec,  X  Mex  _  _  _ 

31) 

48 

108 

no  x 

722 

(irants,  X.  Mex  _  __  _  _  _ 

723 

32 

35 

108 

20  x 

724 

33 

40 

105 

72,5 

40 

27 

109 

20  x 

720 

Paso  Robles,  Calif 

35 

30 

120 

39  x 

727 

34 

37 

118 

05  x 

728 

Hunker  Hill,  Calif 

39 

02 

122 

22  x 

729 

38 

23 

1 10 

47  x 

730 

48 

10 

1 1 1 

731 

Mesa  Verde,  Colo 

37 

12 

108 

30  x 

732 

Paradise  Valiev,  Xcv 

41 

29 

117 

31  x 

733 

Tatoosli  Island.  Wash 

48 

23 

124 

44  x 

734 

Odell,  Mont 

45 

35 

113 

1 5  x 

73.5 

I tillon,  Mont  . 

4f> 

15 

112 

40  x 

730 

.do 

45 

1 5 

112 

40  X 

737 

Moose  <  ’reek,  Idaho 

40 

08 

114 

55  x 

738 

Ward  Mountain,  Mont 

40 

10 

114 

12  x 

739 

Palisade  Mountain.  Mont 

47 

20 

113 

50  x 

740 

Cabinet  Xational  Forest,  Mont 

48 

00 

110 

(10  x 

711 

Pierce,  Idaho 

40 

50 

no 

00  x 

742 

Coenr  D'Alene  National  Forest 

47 

43 

no 

29  x 

743 

Coenr  d'Alene,  Idaho 

47 

43 

HO 

29  x 

744 

Mullen  Idaho _ 

47 

28 

1 1.5 

40  x 

74.5 

Wallace,  Idaho 

47 

34 

115 

.50  x 

740 

Coenr  d’  Alone.  Idaho 

47 

41 

110 

40  x 

747 

Mount  Coenr  d’Alene  Idaho 

47 

15 

110 

40  x 

748 

Quartz  Mountain,  Wash 

48 

30 

119 

40  x 

749 

Colville  National  Forest,  Wash 

48 

.).) 

118 

23  x 

7.50 

Cliff  Ridge  Lookout,  Wash 

48 

25 

117 

1.5  x 

7.51 

Red  Lodge,  Mont 

45 

20 

109 

21)  x 

7.52 

Ashland.  Mont 

4.5 

45 

100 

15  x 

7.53 

Parker.  \riz 

34 

09 

111 

17  x 

7.54 

('amp  Crook,  S  Dak 

45 

32 

103 

59  x 

75.5 

Grass v  Mount  Lookout,  Mont 

40 

02 

113 

00  x 

750 

Whitehall  Ranger,  Mont 

49 

00 

112 

08  x 

757 

Livingston,  Mont  _ 

45 

40 

110 

32  x 

758 

Mot  aline  Falls,  Wash 

IS 

50 

117 

20  x 

759 

llall  Mount  Lookout,  Idaho 

48 

45 

1 10 

1 5  x 

700 

Sand  Point,  Idaho 

48 

20 

110 

30  x 

701 

Trov  Hanger  Stn.,  Mont 

18 

30 

115 

58  x 

702 

Libhv,  Mont 

•IS 

03 

1 15 

18  x 

703 

_ do . . . 

48 

21 

1 15 

32  x 

704 

Slide  Rock  Mount  Lookout  Mont 

40 

35 

1  13 

33  x 

705 

Lolo,  Mont 

10 

15 

114 

05  a 

a=9:50  Distinct  explosion. 


Iteinarka 


49 


Table  X. — Aural  re/iorts  of  explosion,  Test  I,  Xuval  Proving  Ground,  Area,  Idaho,  9:30  a.  m.,  .1/  11"/’,  29  August  19.', 3 — Con. 


No 

Observation  jjoint 

Latitude 

Longitude 

Not 

hoard 

70(1 

Scolov  Lake,  Mont 

0 

47 

13 

0 

113 

31 

X 

707 

Stij>eri(ir,  Mont _ 

47 

10 

114 

55 

X 

708 

Kotin  Ranger  Station  Idaho 

40 

00 

115 

30 

X 

709 

Fislt  Creek  Lookout,  Mont 

48 

20 

111 

20 

1) 

770 

Coolwatcr  Lookout,  Mont 

48 

30 

110 

40 

c 

771 

Dixie,  Idaho _ _ 

45 

32 

115 

27 

(I 

772 

Daggett,  Calif 

34 

52 

llfi 

47 

X 

773 

Wi  His  ton ,  X.  Dak 

48 

09 

103 

35 

X 

774 

Wallowa,  Oreg 

45 

20 

110 

37 

e 

775 

Hod  Hill  Grog 

45 

47 

117 

02 

X 

770 

Arlington,  Oreg 

45 

43 

120 

1 1 

X 

777 

Lincoln  Co.,  Wvo 

12 

30 

110 

00 

f 

778 

Panhandle.  Tex 

30 

00 

101 

00 

X 

779 

Pine  Valiev.  I'tah 

37 

21 

113 

24 

X 

780 

Sonora,  Calif. _ _ 

38 

00 

120 

22 

X 

781 

Grand  Junction,  Colo 

39 

04 

108 

34 

X 

782 

Council,  Idaho 

44 

45 

llfi 

25 

X 

783 

Happy  Camp.  Calif 

41 

50 

123 

20 

X 

784 

Springfield*  Idaho 

43 

04 

112 

41 

X 

785 

\ngeles  National  Forest 

34 

22 

118 

12 

X 

780 

Xewhall,  Calif 

34 

38 

118 

25 

X 

7S7 

42 

43 

114 

32 

X 

X 

788 

Modoc  .National  Forest,  Calif 

41 

25 

121 

28 

789 

_ do.  _ 

41 

48 

120 

19 

X 

790 

Condon,  Oreg 

45 

14 

120 

11 

X 

791 

linker.  Nov 

39 

on 

114 

15 

X 

792 

Flagstatf,  Ariz 

35 

12 

111 

40 

X 

793 

Los  Padre*  National  Forest,  Calif 

35 

10 

120 

00 

X 

794 

Santa  Lucia  Lookout  Forest 

79.5 

790 

X 

797 

798 

799 

X 

Hlaek  Hills  National  Forest ,  S.  Dak 

44 

18 

103 

45 

X 

800 

801 

802 

803 

804 

Maiteos,  Colo.,  National  Forest.  _  _ 

X 

80.5 

X 

X 

800 

Dubois,  Wvo  _  . 

43 

33 

109 

37 

807 

808 
809 

39 

30 

105 

CM) 

41 

55 

100 

17 

Newcastle.  Wvo 

44 

00 

104 

08 

X 

810 

Cicero  Peak,  S.  Dak...  .  _  __ 

43 

41 

103 

34 

X 

811 

Ilarnev  Peak,  S.  Dak 

43 

52 

103 

32 

X 

812 

813 

43 

52 

103 

Boulder  Hill  Lookout,  S.  Dak_ 

43 

58 

103 

24 

X 

814 

815 

43 

24 

103 

41 

Summit  Hidge  Lookout,  Wvo  . 

43 

51 

104 

03 

X 

810 

Klk  Mountain,  Wvo.. 

43 

43 

104 

03 

X 

817 

Chiinnev  Iiook,  Dvke,  Colo 

. 

818 

Roosevelt  National  Forest,  Colo 

819 

820 

Ksterbrook,  Wvo  ...  . 

42 

20 

105 

20 

X 

821 

Holmes,  Wvo  ...  . 

41 

12 

100 

13 

X 

822 

John  Mountain.  Wvo. 

X 

823 

Medicine  How  National  Forest,  Wvo 

41 

25 

ion 

32 

824 

Pagosa  Springs,  Colo  . . . .  .. 

_ 

_ _ 

X 

825 

Tensleep,  Wvo _  - 

44 

10 

107 

10 

X 

820 

Bighorn  National  Forest  . 

44 

44 

107 

23 

X 

827 

Buffalo,  Wvo.  ... 

44 

14 

107 

00 

X 

828 

Salford,  Arizona.  .  ....... 

32 

40 

109 

50 

X 

829 

Zamora,  N*.  Mex 

35 

05 

100 

23 

X 

830 

Gila  National  Forest,  N.  Mex _  _  _  __ 

33 

10 

108 

3f> 

X 

831 

Santa  Fe  National  N.  Mex  _  _ 

35 

47 

10f> 

33 

X 

832 

Tucson,  Ariz 

32 

25 

110 

42 

X 

1  Irani  time 
M  \VT 


10:14 


10:04 


9:45 


1>  =  9:49  Distinct  single  blast. 
o=9:50  Dull  thud. 
d  =  9:48  5  blasts. 

0  =  9:51  Faint  blast. 
f=9:48  2  rumbles. 


Itrnmrks 


Single  blast. 
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T,\ bi.k  X. — Aural  reports  of  explosions,  Test  1,  Xoval  1‘roving  Ground,  Arco,  Idaho,  9:80  a,  in.,  V  It’ T,  29  August  19-io — Con, 


No 

Observation  i>oint 

Latitude 

Longitude 

Not 
hear*  1 

Heard  time 
MWT 

833 

Sunflower,  Ariz 

33  58 

111  27 

X 

834 

High  Bolls,  X.  Mex 

33  00 

105  42 

X 

835 

Winslow,  Ariz _ 

34  20 

111  00 

X 

_ 

836 

Pienris  Peak,  N.  Mex  . 

36  15 

105  39 

X 

_ 1 

837 

Ogden,  Ctah 

41  13 

111  58 

9:45 

838 

do 

X 

839 

X 

840 

Vernal,  Ulah _ _ _ 1 

X 

841 

Ilig  liable  Lookout,  Idaho 

44  42 

M5  12 

9:45 

842 

Cascade,  Idaho _ 

44  44 

1 1 5  40 

9:45 

843 

Arrowrock,  Idaho  . 

9:45 

844 

Morehead,  Idaho 

9:45 

845 

Denskin  Idaho 

9:45 

840 

Idaho  Citv,  Idaho 

9:45 

847 

Thorn  Crook  Hutto  _ 

X 

_ _ _ 

848 

Scott  Mountain,  Calif 

X 

.849 

Keinmercr,  Wvo 

41  48 

110  32 

X 

_ _ 

850 

Willard,  Logan,  1'tah 

X 

_ I 

s")l 

42  50 

112  20 

852 

853 

854 

Challis,  Idaho 

44  30 

114  14 

X 

855 

856 

Angel  Lake,  Xe\ 

41  00 

115  51 

X 

857 

Lie,  X e v _ 

X 

858 

Kphraiui,  Ctah 

39  20 

ill  80 

X 

859 

Salmon,  Idaho  _ 

X 

_  _ 

860 

_ _ do _ 

X 

801 

43  58 

802 

Iron  .Mountain,  Idaho 

43  32 

115  03 

9:41 

803 

804 

865 

Teton  Pass,  Wyo _ 

43  30 

110  57 

9:39 

800 

44  20 

111  34 

807 

43  29 

lit)  46 

X 

80S 

Paradise  Valiev,  Xev  . 

X 

809 

38  12 

119  26 

870 

Uinta  National,  1'tah 

X 

871 

Mill  Creek  Hanger  Station,  Ctah 

40  56 

110  44 

9:54 

872 

(Huntsville.  Ctah 

X 

873 

48  45 

1 20  04 

874 

Twisi>,  Wash  . . . 

X 

875 

Carson,  Wash 

45  48 

i  22  06 

9:59 

877 

X 

878 

Silver  Lake,  Oreg 

43  20 

121  20 

X 

879 

Mt.  Ilood  Forest  Lakes 

45  01 

121  39 

X 

880 

Larch  Mountain  Lookout 

X 

881 

Olvmpia  Rational  Forest 

X 

882 

.do 

X 

883 

Trail,  Oreg 

42  45 

123  45 

10:46 

884 

Jacksonville,  Oreg 

42  12 

123  09 

10:25 

885 

Snow  Cam;)  Lookout,  Oreg 

42  20 

124  10 

X 

886 

Shit)  Mountain  Lookout,  Calif 

40  41 

123  46 

X 

887 

Marv’s  Peak  Lookout,  Oreg 

14  30 

1 23  23 

X 

— 

888 

Hell  Mountain  Lookout,  Oreg 

45  00 

123  30 

X 

889 

Granite  Mountain  Lookout,  Wash 

X 

890 

Ilcppner,  Oreg _ 

45  06 

119  28 

10:54 

891 

Potncrov,  Wash 

46  12 

117  35 

X 

j - 

892 

Kairview  Lookout.  Calif 

40  30 

122  40 

10:13 

893 

Cinnamon  Butte.  Oreg 

X 

894 

Iiaker  Oreg  . 

44  53 

117  20 

X 

895 

Lane,  Oreg _ _ _ 

X 

890 

Dubois,  Idaho  . 

44  14 

112  09 

9:35 

897 

1 _ do _ _ _ _ 

14  10 

112  13 

9:34 

898 

West  Yellowstone,  Alout 

44  39 

111  06 

. 

9:38:47 

Kemarks 


3  distinct  rumbles. 
Low  rumble. 

3  distinct  rumbles, 
.Strong  earth  tremor 
Do. 

Humble. 


Single  sound. 


2  faint  sounds. 


Sharp  report 


Single  blast. 
Prolonged  rumble. 


4  or  5  rolling  sounds. 

By  electromagnetic  baro¬ 
graph. 


B— H.  E.  IGLOO  TEST  NO.  2—18  OCTOBER  1945 


1 .  General 

After  Test  1,  two  earth  liarrieneb'e],  open  storage 
sites  (revetments)  ns  shown  in  figures  (i  and  7 
were  constructed.  One  of  these  revetments  was 
located  185'  east  of  Igloo  C  and  the  other  1X5' 
west  of  Igloo  (\  The  amatol  loaded  homhs  stored 
in  Igloo  15  during  Test  I  were  removed  therefrom 
and  stored  in  equal  quantities  (125,000  net  pounds 
of  explosives  each)  in  Kevetments  1  and  2.  The 
Navv  depth  charges  loaded  with  Torpex,  which 
were  stored  in  Igloo  I)  during 'I'est  1 ,  were  removed 
and  restored  in  Igloo  15.  The  doors  of  Igloo  C 
were  repaired  and  a  sand  hag  barricade  was  con¬ 
structed  in  Igloo  (’  to  prevent  the  doors  from  hit¬ 
ting  the  piles  of  ammunition  stored  therein,  if 
they  should  he  again  blown  off  in  subsequent 
explosions.  This  latter  precaution  was  taken  to 
eliminate  the  possibility  of  the  contents  of  Igloo 
<’  being  detonated  by  doors  blown  with  force*  into 
or  against  the  pile's  of  eleptb  charges.  A  tempo¬ 
rary  timber  unel  e*arth  eloeir  barricade  of  the*  Navy 
type  was  constructed  in  front  of  Igleiei  15. 

2.  Purpose 

a.  Te>  determine  if  tin*  mass  ele'tonatiem  of 
125,000  ponnels  e>f  high  explosives  steere-el  in  an 
e*arth  barricaded  e>pe*n  storage  site  (Itcvctmrnt  1) 
will  propagate  tei  a  Navy  Igloo  Ie»e*ate*d  1X5 
feet  to  the*  side*  of  tlie>  site  err  te>  aneithcr  e*arth 


barricaded  open  storage'  site*  (Re'vctineait  2)  Ie)e*ate*el 
185  fe*e*t  farthe'r  be*yemel  the*  ig]e>e>. 

h.  Ter  determine'  the  se*vorit\  of  the  damage  done 
te>  the*  target  igleieis,  the*  < >p<‘ti  steerage*  site*,  and 
the*ir  eanitents. 

c.  Tei  re*e*eirel  elatn  pe*rt n iliing  to  air  blast  pres¬ 
sure's,  se'ismie*  action,  erate-r  si/e*,  tine  I  ground 
ine»ve*me*nt. 

3.  Test  layout 

This  te*st  involved  the*  expleision  erf  125,000 
50  50  Amatol  in  Iieimhs  in  He*ve*tme*ut  1  rx.  targe't 
units  Army  Igloo  15,  Navy  Igleieis  C  and  I),  and 
Ke'vetment  2,  le>e-ti l e*el  as  shown  in  figure's  (5:5  and 
t>4 .  This  layout  preivie le*el  a  te*st  eif  the*  safety  of 
the*  e-mergeney  re*vetnie*nt  steerage*  authorized  by 
the*  AXKSI5  in  1945. 

4.  Revetment  and  igloo  contents 

a.  Kewetmonts  1  n  lie  I  2  were*  e*neh  loade*el  with 
twei  III  l  lie  I  re*e  I  mid  e'ight  1  ItlO-pounel  anel  nine  (500- 
pouuel  beanhs,  expleisive*  eliarge  50  50  Amatol, 
fora  total  of  125,000  pounds  of  high  explosive's. 
These*  homhs  were  storeal  ns  shown  in  figure’s  (55a, 
(55b,  and  f>5e*. 

b.  Tgleieis  15  anel  ('  were*  cue'll  loaded  with  five 
hundred  anel  forty-one  050-pemnel  Aircraft  l)e*|)th 
Beanhs,  Mark  49,  expleisive*  charge*  4(52  pemnels  of 
Teirpe'X,  for  l  teital  eif  250,000  pemnels  eif  high 


I'torim  04.  Revet ine'iit  1,  Igloo  C,  anel  frigliO  door  liarricaelc  at  Igloo  H,  prior  to  Tost  2. 


Figure  051).  Revetment  storage,  Test  2. 


Engineer  Special  electric  blasting  caps  were  con¬ 
nected  to  the  two  leads  and  the  caps  were  con¬ 
nected  to  tlie  firing  circuit  in  parallel. 

6.  Description  of  test  and  summary  of  results 

a.  Central. — Revetment  1  was  exploded  at 
1440  MWT  on  18  October  1945.  The  explosion  of 
the  125,000  pounds  of  Amatol  in  Revetment  1 
produced  much  more  visible  (lame  than  the  ip'oo 
explosions  and  the  dense  black  smoke  cloud  rose 
in  a  mushroom  shape  with  a  boiling  crest  of  smoke 
and  red  flame  above  n  column  of  smoke  (see  fig. 
60).  There  was  no  propagation  of  the  explosion 
of  Revetment  1  to  target  Igloos  C,  B,  and  D  nnd 
Revetment  2,  all  of  which  suffered  little  or  no 
damage. 

b.  Motion  picture  record. — Motion  pictures  were 
obtained  which  show  the  explosion  of  125,000 
pounds  of  Amatol  in  Revetment  1  at  normal 
film  speed. 

c.  Air  blast  pressures. — Air  blast  pressures  were 
measured  by  north  and  west  meter  lines  of  paper 


Figure  05c.  Revetment  storage,  Test  2. 


explosives.  These  bombs  were  stored  as  shown 
in  figure  1C.  Igloo  1)  was  not  loaded. 

5.  Priming 

Approximately  one-half  of  the  bombs  in  stacks 
2  and  4  of  Revetment  1  were  primed  by  packing 
knotted  primacord  surrounded  by  Composition 
C  2  into  the  nose  cavity  of  each  bomb  as  in  Test  1. 
A  single  primacord  lead  passed  down  the  side  of 
Stack  2  connecting  all  primed  bombs  in  that 
stack  and  this  lead  joined  a  similar  lead  from 
Stack  4  at  the  rear  of  the  revetment.  Thieo 


Figure  60.  Explosion,  revetment  1. 
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distance  IN  FEET  FPOM 
,,  METER  TO  FRONT  OF 
ST**  REVETMENT  l 


OISTANCE  IN  FEET  T  ROM 
METER  TO  SIDE  OF 
REVETMENT  I 


H - 1 - 1 - H 


I  I 

-I - 1 - • - > — 


I  I 


w  4- 

REV I  iQLPO  C 


I'intmE  07,  Mast  meter  layout. 


blast  motors,  as  shown  in  figure  07.  The  pressures 
recorded  are  shown  in  table  XI. 

d.  Crater  data. — The  explosion  of  the  contents 
of  Revetment  1  produced  a  crater  82  feet  long, 
79  feet  wide,  with  nil  apparent  depth  of  7.7  feet 
nnd  nn  actual  depth  of  10  feet.  Figure  08  shows 
contours  nnd  profiles  of  the  apparent  crater  along 
its  longitudinal  and  transverse  axes. 

e.  Ground  morement.  Horizontal  and  vertical 
displacement  readings  were  taken  to  the  rear  and 
front  but  not  to  the  sides  of  the  revetment  (fig, 
69). 


f.  Kjfeet  of  blast  on  target  igloos  and  revetments. 

(1)  Igloo  C  received  minor  damage  ns  a  result 
of  the  explosion.  The  doors  were  blown  off, 
striking  the  sand-bag  barricade  inside  the  door 
and  then  falling  outside  the  magazine  (see  fig.  70), 
but  the  contents  of  the  igloo  were  undisturbed. 
Igloos  15,  D,  and  Revetment  2  were  undamaged. 

(2)  Strain  measurements  (Ref.  4)  were  taken 
by  the  Bureau  of  Reclamation,  Department  of  the 
Interior.  Three  motel's  were  placed  on  Igloo  C 
approximately  on  the  transverse  center  line  on  the 
outside  of  the  shell  with  their  axes  parallel  to  the 
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Tahlu  XI.' — Tent  Xo.  2 — IS  October  -air  blast  pressures  paper  meters 


Pressure  range  In  p.  *.  l.  j 

Pressure  ranee  in  p.  s.  I. 

of  Ittsv.  No.  1,  In  feet 

North  line 
|  (oil  front) 

West  line 
(off  side) 

Remarks  nf  U(,v  Vo  ,  ln 

North  line 
full  front) 

West  line 
toll  side) 

Ueumrks 

247 

12.  0 

Blown  over.  1,330 

1  8 

273  . 

12.  0 

Do.  1,335 

1.  8 

302 

7.  7 

Do.  1  420 

1.  2 

330 

12.  0 

Do.  1,425 

1.  8 

307 

7.  7 

Do.  1.500 

1.  8 

400 

7.  7 

Do.  1  525 

8 

435 

5.  8 

Do.  1,590 

1.  2 

457 

5.  S 

Dot  1.025 

1.  2 

473 

5.  8 

Do.  1  090 

1  2 

470 

7.  7 

Do.  1.725 

.  s 

507  . 

5.  8 

Do.  1  790 

1.  2 

5  Hi 

5.  8 

Do.  1,845 

•  * 

533 

3.  0 

Do.  1.880 

.  8 

500 

3.  0 

Do.  1,905 

•  H 

508 

5.  8 

Do.  2,001) 

.  8 

508 

3.  0 

Do.  2,095 

.  8 

005 

5.  8 

Do.  2,120 

8 

031 

3.  0 

Do.  2,235 

.  8 

053 

5.  8 

Do.  2,240 

.  4 

071 

3.  6 

Do.  2,380 

.  0 

700 

3.  6 

Do.  2.385 

.  4 

710 

3.  0 

Do.  2,525 

.  x 

751 

3.  0 

Do.  ‘  2,550 

.  8 

700 

3.  0 

Do.  2.000 

.  0 

795 

2.  7 

2,085 

.  0 

815 

5.  s 

l)o.  2,820 

.  f) 

842 

3.  r> 

Do.  2,805 

0 

Blown  over 

885 _ 

2.  7 

3,040 

.  4 

894  .  _ 

2.  7 

3  055 

6 

945 

2  7 

Do.  3.228 

.  (> 

940  _  _  . 

2.  7 

3.245 

0 

i  noo 

2.  7 

.3,410 

0 

1 .015 _ 

2.  7 

3.445 

0 

1,070 

2.  7 

3.01  1 

0 

1 .085 

2  7 

3.005 

o 

1  130 

i.  8 

3  832 

0 

1  IT)”) 

2.  7 

3  905 

0 

1,190 

1.  8 

4.070 

0 

1,245 

i.  s 

4.135 

0 

1 ,200 

1.  8 

4  .300 

.  4 

transverse  center  line  (tig.  71).  The  stresses 
which  developed  »t  the  three  locutions  an  shown 
on  the  vertical  scale,  figure  72a,  with  the  time 
after  detonation  shown  on  the  horizontal  scale. 
The  time  is  considered  to  he  accurate  to  0.01 
second,  lint  some  inaccuracy  may  he  present  in 
the  stress  scale  because  the  exact  modulus  of 
elasticity  of  the  concrete  is  not  known.  The 
strain  was  converted  into  stress  by  using  an  as¬ 
sumed  value  for  the  modulus  of  elasticity  of  4,000,- 
000  ]).  s.  i. 

Interpretation  of  the  stress-time  diagram  in 
terms  of  the  structural  behavior  of  the  igloo  must 
he  highly  speculative  because  of  the  limited  num¬ 
ber  of  measurements  and  because  supplemental 
data  which  would  he  helpful  in  the  interpretation 
are  not  available.  Nevertheless,  it  seems  worth 
while  to  discuss  some  of  the  results  obtained. 


It  is  probable  that  the  very  small  initial  humps 
at  0.08  second  after  the  detonation  represent 
deformation  of  the  shell  due  to  the  initial  ground 
wave.  The  distance  involved  is  too  small  for  an 
accurate  determination  of  velocity,  hut  taking  the 
distance  as  197  feel  and  the  time  as  0.07S  second, 
the  indicated  velocity  is  2,520  feet  per  second. 
The  stresses  produced  hy  this  initial  ground  wave 
were  small,  of  the  order  of  50  p.  s.  i.  It  will  be 
noted  that  Meter  1  shows  slight  tension  and 
Meter  .'i  shows  slight  compression,  corresponding 
o  the  raking  which  would  bo  produced  by  an 
acceleration  directed  away  from  the  blast.  Fol¬ 
lowing  these  initial  distortions,  further  ell'eets  of 
ground  movement  are  obscured  by  the  much 
greater  elfects  of  variations  in  air  pressure. 

The  time  of  advent  of  the  positive  or  eonipres- 
sional  air  wave  is  about  0.09  second,  which 
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Figure  08.  Crater  plan  and  profiles,  Revetment  1,  Test  2 


indicates  a  velocity  of  about  2,200  feet  per  second. 
This  wave  produced  an  added  external  load  which 
pat  th(>  entire  structure  into  compression  for 
about  0.03  second,  the  magnitude  of  the  com¬ 
pression  being  900  p.  s.  i.  at  Meter  I  (nearest  the 
blast),  700  p.  s.  i.  at  Meter  2,  and  .io()  u.  s.  i.  at 
Meter  0. 

The  compression  wave  was  followed  immediately 
by  a  period  of  reduced  pressure,  constitutin';  in 
effect  an  added  internal  load  sufficient  to  put  the 
entire  shell  into  tension  and  to  cause  local  failures 
of  the  concrete.  Meter  2,  located  over  the  thin 
top  section  of  the  shell,  indicates  that  the  con¬ 
crete  failed  in  tension  when  the  stress  reached 
SOO  p.  s.  i.  Examination  of  the  igloo  prior  to 
the  blast  had  shown  the  presence  oT  a  minor 
longitudinal  crown  crack  on  the  inside  surface 
only.  The  outside  surface  had  been  examined 
carefully  at  the  location  of  Meter  2  and  this  loca¬ 
tion  was  then  free  from  cracks.  Examination  of 
the  outside  surface  after  the  blast  disclosed  a 
crack  0.04  inch  wide  passing  between  the 
brackets  of  the  strain  motor  (fig.  72b).  The 
limiting  range  of  these  meters  is  0.01  inch,  so 


the  large  crack  explains  the  meter  failure.  Con¬ 
crete  at  Meter  1  reached  a  maximum  tension  of 
900  p.  s.  i.  and  then  came  down  to  a  somewhat 
lower  level,  while  the  peak  tension  reached  at 
Meter  3  was  000  p.  s.  i. 

There  seems  to  he  two  possible  explanations  for 
the  cyclic  irregularities  shown  by  Meters  1  and  3 
during  the  tension  phase.  The  first  is  that  some 
observers  have  reported  experimental  evidence 
showing  that  the  suction  wave  which  follows  an 
explosion  is  made  up  of  a  succession  of  shock 
phases;  the  other  is  that  as  the  suction  wave 
builds  up,  the  tension  in  the  concrete  is  periodi¬ 
cally  relieved  by  the  formation  of  cracks.  It  is  of 
interest  to  note  that  the  rapid  rate  at  which  ten¬ 
sion  was  developing  at  Meter  3  reduced  abruptly 
as  soon  as  the  occurrence  of  the  crack  at  Meter  2 
afforded  relief  of  the  tension.  This  circumstance 
favors  the  second  explanation.  On  the  other 
hand,  the  pronounced  similarity  of  the  variations 
shown  by  Meter  1  and  3  suggests  that  the  air 
pressure  varied  periodically.  It  may  be.  then 
that  both  causes  of  these  variations  were  operative. 

It  is  likely  that  a  pressure  differential  between 
the  inside  and  outside  sufficient  to  produce  the 
measured  tension  would  also  be  sufficient  to  lift 
the  entire  arch  ofT  its  foundation. 

Some  question  has  been  raised  as  to  whether 
the  residual  tensions  shown  at  the  end  of  the 
record  actually  exist  or  if  they’  might  be  due  to  a 
zero  drift  in  the  recording  instrument.  Although 
the  question  cannot  he  answered  positively,  no 
reason  has  been  found  to  question  the  accuracy’  of 
the  record,  so  it  is  presumed  that  the  final  tensions 
are  the  result  of  permanent  deformation  of  the 
structure. 

I/.  I)(ii»u<n  to  bunveks. — Not  recorded. 

It.  Mixxih  data,  \'ot  recorded. 

St  isiiiohitiicttl  (laid  {Rt  f.  7).  The  seismologi- 
eal  data  obtained  during  tins  test  are  given  in 
table  XII. 


Taiii.k  Xil. — Atct Irratians  anti  tlisplat-nutnls 


Distance 
from  Uf 
vclmoni 

1.  in  feet 

K\|ilosiv<\s 

wi'isrht 

In  Ihs. 

Wave 

JH't'Hul 

Secs. 

VUniininn 
(lisplaco- 
moMt,  cm. 

Maxi¬ 
mum 
acceler¬ 
ation, 
cm, 'sec.2 

Remarks 

■2  SKI. 

1 2.’>,  000 

0.  10 

0.  0033 

1.  0 

Rock. 

2,SI0_. 

1 2.’>,  000 

.  10 

.  OOS 

12.  .5 

Overburden. 

.'(.non 

125,  000 

.  27 

.  004.5 

2.  4 

Do. 

0,200.  _ 

125,  000 

.  07 

.  0015 

.  42 

Do. 

j.  Mitmmlfifjical  tlutu.  Not  recorded. 
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Figure  O'J.  Permanent  horizontal  and  vertical  earth  displacement,  Test  2. 


58 


STRESS  -  P.S.I. 

COMPRESSION -TENSION  COMPR- TENS.  COMPR.-TENS. 


Figure  70.  Target  Igloo  C  after  explosion  of  Test  2 , 
showing  doors  blown  otr. 


No.  1 — C>'7"  (horizontal  distance)  west  of  longitudinal 
center  line  (on  side  toward  blast). 

No.  2— longitudinal  center  line. 

No.  3 — 0'7"  (horizontal  distance)  east  of  longitudinal 
center  line  (on  side  away  from  blast). 

Fuji  in:  71.  Installation  of  Carlson  Meters  on  Igloo  C, 
Test  2. 
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Figure  72a.  Target  igloo  strain  curves,  Test  2. 


5{ 


1'ic.i  hi.  721).  Carlson  Strain  Motor  Xo.  2  installed  allow¬ 
ing  crack. 


C.-H.  E.  IGLOO  TEST  NO.  3—19  OCTOBER  1945 


1.  Purpose 

a.  To  tlotormiiio  if  the  mass  detonation  of 
250,000  net  pounds  of  liiprli  explosives  stored  in  a 
Navy  test  Igloo  C  will  propagate  to  an  earth  barri¬ 
caded  open  storage  site  (Revetment  2),  loaded 
with  125,000  net  ]>otin<ls  of  liiprh  explosives,  located 
parallel  to  and  1S5  feet  from  Igloo  (',  or  to  an 
Army  Igloo  B  located  diagonally  to  the  rear  and 
right  of  Igloo  C  at  a  distance  of  2, SO  feet. 

b.  To  determine  the  severity  of  the  damage 
done  to  the  target  igloos,  revetments  and  their 
contents,  to  a  Navy  Igloo  1)  with  door  barricade 
located  diagonally  in  the  rear  and  left  of  Test 
Igloo  C  at  a  distance  of  752  feet,  and  to  a  wooden 
barracks  building  E  located  diagonally  to  tin1  rear 
and  right  of  Igloo  0  at  a  distance  of  2,400  feet. 

c.  To  record  data  pertaining  to  air  blast  pres¬ 
sures,  seismic  action,  and  crater  size. 

2.  Test  layouts 

This  test  involved  the  explosion  of  250,000 
pounds  of  Torpc.x  in  Navv-tvpe  Test  Igloo  V  rs. 


Revetment  2,  Igloos  B  and  I),  and  Navy-type 
Barracks,  located  as  shown  in  figure  72.  The 
doors  of  Igloo  C  were  braced  in  place  for  this  test. 

3.  Igloo  and  revetment  contents 

a.  Igloos  C  and  B  were  each  loaded  with  five 
hundred  and  forty-one  050-pound  Aircraft  Depth 
Bombs,  Mark  49.  explosive  charge  402  pounds  of 
Tor  pox,  for  a  total  of  250,000  pounds  of  high  ex¬ 
plosives.  These  bombs  were  stored  as  shown  in 
figure  10. 

b.  Revetment  2  was  loaded  with  two  hundred 
and  eight  t, 100-pound  and  nine.  (500-pound  bombs 
containing  125,000  net  pounds  of  50/50  Amatol. 
These  bombs  were  stored  on  wooden  dunnage  as 
shown  in  figures  05a,  (15b,  and  05c. 

c.  Igloo  I)  was  not  loaded. 

4.  Priming 

The  depth  bombs  in  each  quarter  of  the  maga¬ 
zine  were  primed  in  the  following  manner:  Compo¬ 
sition  C-2  and  primaeord  were  placed  in  either  the 
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Figure  74a.  Kxplosion  of  Igloo  C,  Tost  3,  1st  stage 


Flot'KE  74b.  Explosion  of  Igloo  G,  Test.  3,  2d  stage. 


nose  or  tail  fuze  cavity  of  fourteen  bombs  in  the 
stack  and  connected  to  a  single  priinneord  lend 
that  passed  to  the  center  of  the  magazine  where  it 
joined  the  leads  from  the  stacks  in  the  other  three 
quarters  of  the  igloo  which  were  similarly  primed. 
A  single  priinneord  lead  was  taken  from  this 
junction  and  passed  out  the  door  of  the  igloo. 
Three  Engineer  Special  electric  blasting  caps  were 
connected  to  this  lead  and  the  caps  were  connected 
to  the  firing  circuit  in  parallel. 

5.  Description  of  test  and  summary  of  results 

a.  General. — Igloo  C  was  exploded  at  1,215 
MWT  on  10  October  1045.  The  explosion  of  the 
250,000  pounds  of  Torpex  in  Igloo  C  produced  an 
initial  red  flash  and  then  streamers  of  smoke  that 
shot  out  and  up  at  angles  above  30°  from  the 
horizontal,  forming  a  bush-like  cloud  that  finally 
developed  into  a  billowing  black  mass  of  smoke 
and  dust  as  in  Test  1  (figs.  74a  and  74b).  There 
was  no  propagation  of  the  explosion  from  Igloo  C 
to  the  target  units,  but  Igloo  II  and  Revetment  2 
were  damaged.  Igloo  I)  was  undamaged.  The 
barracks  building  was  more  severely  damaged 
than  during  the  previous  tests  (Nos.  1  and  2). 

b.  Motion  picture  record. — Motion  pictures  were 
obtained  which  show  the  explosion  of  the  250,000 
pounds  of  Torpex  in  Igloo  C  at  normal  film  speed. 


r.  Air  blast  pressure*. — Air  blast  pressures  were 
recorded  only  with  paper  blast  meters,  which  were 
located  as  shown  in  figure  75.  The  pressures  re- 
corded  are  shown  in  table  XIII. 

<1.  ('rater  data. — The  explosion  of  the  contents 
of  Igloo  C  produced  an  oval  crater  156  feet  long  by 
128  feet  wide  with  an  apparent  depth  of  17.8  feet 
(see  figs.  70a  and  70b).  Apparent  crater  profiles 
along  the  longitudinal  and  transverse  axes  of  the 
igloo  and  contours  are  shown  in  figure  77.  The 
crater  was  considerably  deeper  than  the  crater 
from  the  explosion  in  Test  1. 

e.  Ground  movement. — -No  measurements  of 
ground  movement  were  made. 
j.  Effect  of  blast  on  target  igloo*  and  revetment. 

(1 )  Igloo  B  at  200  feet,  diagonally  to  the  rear  of 
Igloo  C,  developed  three  horizontal  cracks  in  the 
front  wall  on  either  side  of  the  door.  Two  diago¬ 
nal  cracks  also  appeared  in  the  front  wall  near  the 
point  at  which  the  arch  joins  the  front  wall.  The 
cracks  started  at  about  ground  level  at  the  extreme 
ends  of  the  arch  and  extended  convergently  up¬ 
ward,  roughly  following  the  curvature  of  the  arch. 
A  few  timbers  were  blown  from  the  earth  door 
barricade  and  the  earth  fill  stumped  slightly  (see 
fig.  78).  Igloo  1)  was  undamaged. 

(2)  Revetment  2,  figure  79,  was  damaged  by 
the  explosion.  The  wall  of  the  revetment  closest 
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Table  XIII. — Test  Xo.  S — 19  October  19\5 — air  blast 
pressures  paper  meters 


Distance,  feet* 

ill  ] 

re  range 
.  s.  1. 

Remarks 

North 

line 

1  (olT 
front) 

West 

line 

(|*1T 

side) 

North  lino 

West  line 

•4(12 

7.  7 

12.  0 

Blown  over 

Blown  over. 

488  . . 

1 2.  0 

7.  7 

do. 

I)o. 

.117 

7.  7 

7.  7 

do _ 

Do. 

.118  _ 

7.  7 

7.  7 

do 

Do. 

182 

7.  7 

7.  7 

do 

Do. 

till 

7.  7 

7.  7 

_ do . . 

Do. 

050  _ 

1.  8 

7.  7 

_ do  . 

Do. 

091 

5.  8 

5.  8 

do 

Do. 

731 _ 

7.  7 

7.  7 

_ do _ 

Do. 

775... 

5.  8 

7.  7 

. do 

Do. 

820. 

5.  8 

5.  8 

_ do 

Do. 

808  ...  . 

3.  0 

7.  7 

do 

Do. 

921... 

3.  8 

5.  8 

_ do 

Do. 

971 _ 

3.  0 

3.  0 

_ do 

Do. 

1.030  . . 

2.  7 

3.  0 

do 

Do. 

1,100 _ 

1.  8 

3.  0 

.do _ 

Do. 

1.100 

3.  0 

3.  (i 

_ do _ 

Do. 

1.230 . 

1.  8 

2.  7 

Do. 

1,300  . 

2.  7 

3.  0 

Do. 

1,370 _ 

2.7 

2.  7 

1,400.. 

2.  7 

2.  7 

Blown  over. 

1,110.  _  _ 

1.  2 

2.  7 

1,040 _ 

1.2 

2.  7 

1,740. . . 

1.  2 

2.7 

1,840 

1.  2 

1.  8 

1  940  ... 

1.2 

1.  8 

2,000 _ 

1.2 

1.  8 

2,180 . 

1.  2 

1.  8 

2,310 

.  8 

1.  2 

2,410. . 

1.  2 

1.  2 

2.000 

.  8 

1.  2 

2,740 

.  8 

1.  2 

2.900 

.  8 

.  8 

3,080 

.  0 

.  4 

3,270 

.  0 

.0 

3,400  . 

.  4 

.  4 

3,000 

.  4 

.0 

3,880 

0 

0 

4.120 

o 

0 

4.350. 

0 

0 

•This  rtlstsincc,  for  the  West  line,  was  measured  from  tin*  corner  formed 
l>y  the  front  and  west  side  of  Igloo  C,  and  for  the  North  line  from  the  renter 
of  the  door  of  lgioo  C  (see  flg.  7.rd. 


to  Igloo  C  slumped  and  was  partly  blown  away. 
Some  of  tlic  bombs  in  the  revetment  were  shaken 
from  their  dunnage  and  dunnage  was  thrown  short 
distances.  None  of  the  bombs  were  damaged 

(/.  Damage  to  barracks. 

(1)  The  barracks  had  not  been  repaired  follow¬ 
ing  Tests  1  and  2,  but  a  comparison  of  the  photo¬ 
graphs  of  the  damage  done  to  the  barracks  after 
Test  1  (figs.  20  to  r,:i)  with  photographs  of  the. 
damage  done  to  the  barracks  after  this  explosion 
(figs.  SO,  81,  82,  83,  and  84)  shows  that  it  suffered 
very  severe  structural  damage  during  this  test. 

(2)  On  the  end  nearest  the  explosions  (figs.  30 
and  80)  studding  was  broken  and  torn  loose  from 
the  top  plate,  the  top  plate  was  torn  and  broken 
loose  in  two  places,  sheathing  was  torn  off,  one 
rafter  was  broken,  and  the  stairway  was  broken 
loose  from  the  building. 

(3)  On  the  end  away  from  the  explosion  (figs. 
31,  44,  81, 82,  and  83)  the  top  plate  was  torn  loose 
at  the  east  corner,  the  second  floor  plate  was  torn 
loose,  sagged,  and  moved  outward,  the  second 
floor  wall  was  left  hanging  on  the  rafters  and 
several  rafters  were  cracked. 

(4)  A  comparison  of  figures  29,  32,  81,  and  83 
will  show  that  many  additional  window  frames 
were  blown  out  on  the  east  and  west  sides. 

It.  Missile  data. — Not  recorded. 

i.  Seism olagical  (lata. — Seismological  data  for 
this  test  are  given  in  table  XIV. 

Ta iu.i:  XIV. —  Test  Xo.  3 — 19  October  19.', 3 — seismological 


i Iota  (lief.  7) 


Distance 
from 
Igloo  <\ 
in  feet 

Explosives 
weight  In 
pounds 

Wave 

IKTiod, 

!  secs. 

Maximum 
displace¬ 
ment,  cm. 

Maxi¬ 
mum  i 
need-  | 
oration, 
cm /sec.2 ) 

Remarks 

2,840.  _ 

210,  000 

0.  17 

0.  01(1 

20 

Book. 

2,840.. 

210,  000 

.  17 

.  011 

20 

Overburden. 

5,000 

210,  000 

.  22 

.  0007 

5.  5 

Do. 

1.000. . 

210,  000 

.  37 

.  011 

4.  5 

Do. 

9  200 

210,  000 

.  22 

.  003 

2.  1 

Do. 

9,200  . 

210,  000 

.  48 

.  008 

Do. 

1 1 ,810 . 

250,  000 

.  43 

.  005 

1 

Do. 

22,000 

210,  000 

.  01 

.  0028 

.  27 

Do. 

j.  Meteorological  data. — Not  recorded 
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Fmi  he  70b.  Crater,  IkIoo  C,  Test  3— eloseup. 
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I*igure  78.  Damage  to  ('art It  fill,  Target  Igloo  B,  Test  3.  Figure  711.  Damage  to  revetment  2  and  displacement  of 

bombs.  Test  3. 


Figure  SO.  Barracks  damage,  Test  3. 


Pint  kg  81.  Barracks  damage,  Test  3, 


Figure  82.  Barracks  damage,  Test  3. 


Figure  83.  Barracks  damage,  Test  3. 
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I'lCi  HK  84.  Barracks  damage,  Test  3. 


D.-H.  E.  IGLOO  TEST  NO.  4—30  OCTOBER  1945 


1.  General 

After  Test  Xo.  3,  an  earth  barricaded  open 
storage  site  (revetment)  was  constructed  on  the 
site  of  Igloo  A  which  was  destroyed  in  Test  No.  1. 
The  crater  made  by  the  explosion  of  Igloo  A  was 
filled  in,  and  the  fill  was  compacted  and  levelled  to 
form  as  firm  a  foundation  for  the  revetment  as 
possible.  It  was,  however,  not  equal  to  the  virgin 
ground  on  which  Igloo  A  was  built.  Revetment 
Xo.  2  was  repaired  and  the  bombs  it  contained 
were  restored. 

2.  Purpose 

( I .  To  determine  if  the  mass  detonation  of  250,- 
000  net  pounds  of  high  explosives  stored  in  an 
earth  barricaded  open  storage  site,  Revetment  .'5, 
will  propagate  to  an  Army  Igloo  B  loaded  w  ith 
250,000  net  pounds  of  high  explosives  and  located 
parallel  to  and  185  feet  from  Revetment  0;  or  to 
another  earth  barricaded  open  storage  site.  Revet¬ 
ment  2,  loaded  with  125,000  net  pounds  of  high 
explosives  and  located  diagonally  to  the  right  and 
front  of  test  Revetment  3  at  a  distance  of  2!)3  feet. 

b.  To  determine  the  severity  of  the  damage  done 
to  the  above  target  igloos,  revetments,  and  their 
contents,  to  a  Navy  Igloo  1)  w  ith  door  barricade 
located  diagonally  to  the  rear  and  left  of  test 


Revetment  It  at  a  distance  of  510  feet,  and  to  a 
wooden  barracks  building  E  located  diagonally  to 
the  rear  and  right  of  test  Revetment  3  at  a  dis¬ 
tance  of  2,105  feet, 

c.  To  record  data  pertaining  to  air  blast  pres¬ 
sures,  seismic  action,  and  ground  movement. 

3.  Test  layout 

This  test  involved  the  explosion  of  250,000 
pounds  of  50/50  Amatol  in  Revetment  3  rs.  target 
units  Igloos  B  and  1)  and  Revetment  2,  located  as 
shown  in  figure's  85  and  SO.  The  Bureau  of  Recla¬ 
mation  placed  strain  gages  in  and  on  Igloo  B  to 
measure  t lie'  defoimatiou  of  that  igloo  as  a  result 
e>f  the  explosion  eif  Reve'tment  3.  The  U.  S. 
C'eaist  aael  (icodctic.  Survey  placed  one  seismic 
instrnme'nt  in  the>  instrument  she'ltor  (fig.  2). 

4.  Revetment  and  igloo  contents 

a.  Revetment  3  was  loaded  with  seven  hundred 
and  eighty-thre'c  000-pounel  bombs,  explosive 
ebaige'  320  pounds  erf  50/50  Amatol,  few  a  teital  e>f 
250,000  pounds  of  high  explosives  staeked  as  show  n 
in  figure  87. 

b.  Igleio  B  was  leunh’el  with  five  hundred  and 
fe>rty-one  640-pound  Aircraft  Depth  Bombs, 
Mark  4 ft  expleisive  eharge  402  pounds  of  Torpex, 
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r cm 


IGLOO  D 


Figure  8">.  Field  layout,  Test  •!. 


Figure  80.  Revetment  3  and  Igloo  B,  Tost  4. 


Figure  87.  Revetment  storage  diagram,  Test  4. 


for  it  total  of  250,000  pounds  of  high  explosives. 
Tliese  bombs  were  stored  as  shown  in  figure  10. 
Igloo  I)  was  not  loaded. 

e.  Revetment  2  was  loath'd  with  two  hundred 
and  eight  1 100-pound  and  nine  OOO-pound  bombs, 
explosive  charge  50/50  Amatol,  for  a  total  of 
125,000  pounds  of  high  explosives.  These  bombs 
were  stored  as  shown  in  figures  05a,  65b,  and  05c. 

5.  Priming 

Approximately  half  the  bombs  in  Stacks  1  and 
5  of  Revetment  3  were  primed  by  packing  knotted 
primaeord  surrounded  by  Composition  C-2  into 
tbc  nose  fuze  cavity  of  each  bomb  in  the  same 
manner  as  in  Test  2.  All  primed  bombs  in  each 
stack  were  connected  to  a  single  primaeord  lead 
which  passed  down  the  side  of  the  stack,  and  the 
two  primaeord  leads  joined  at  the  rear  of  the  re¬ 
vetment.  Three  Engineer  Special  electric  blasting 
caps  were  connected  to  the  leads  at  this  junction 
and  the  caps  were  connected  to  the  firing  circuit 
in  parallel. 

6.  Description  of  test  and  summary  of  results 

a.  General.  Revetment  3  was  exploded  at  0020 
on  30  October  1915.  The  explosion  of  the 
250,000  pounds  of  Amatol  in  Revetment  3  pro¬ 
duced  more  flame  than  the  igloo  explosions  and  the 
dense  black  smoke  cloud  rose  in  a  mushroom  shape 
with  a  boiling  crest  of  smoke  and  flame  above  a 
column  of  smoke  (fig.  88).  There  was  no  prop¬ 
agation  of  the  explosion  of  Revetment  3  to  the 
target  units,  blit  Igloo  B  and  the  barracks  were, 
damaged  further. 

b.  Motion  picture  record. — Motion  pictures  were 
obtained  which  show  the  explosion  of  the  250,000 
pounds  of  Amatol  in  Revetment  3  at  normal  film 
speed . 


c.  Air  blast  pressures. — Air  blast  pressures  were 
measured  by  a  north  and  west  meter  line  of  paper 
blast  meters,  located  as  shown  in  figure  89.  The 
pressures  recorded  are  shown  in  table  XV. 

<1.  Crater  data. — No  erater  measurements  were 
made  because  the  revetment  had  been  placed  oil 
back-filled  ground. 

e.  Ground  inurement. — Ground  movements  were 
recorded  to  the  front,  rear,  and  west  side  in  tiiis 
test  (fig.  90). 

/.  Effect  of  blast  on  target  igloos  and  re  ret  me  nt. 

(1)  Igloo  B  received  additional  damage  from 
the  explosion  of  Revetment  3  but  its  contents  were 
undisturbed.  The  door  jammed  and  concrete 
spalled  off  the  top  of  the  arch  where  it  joined  the 
front  wall  exposing  reinforcing  rod  for  a  distance 
of  about  4  inches  longitudinally  and  for  a  length 
of  about  0  feet  transversely.  Concrete  also 
spalled  off  the  inside  of  the  door  frame  uncovering 
some  reinforcing  rod.  A  few  timbers  were  dis¬ 
placed  in  the  door  barricade  and  some  of  tbc 
earth  was  blown  away.  A  fine  crack  appeared  on 
the  arch  of  Igloo  I)  following  the  explosion.  The 
crack  was  about  half  way  back  from  the  door  of 
the  magazine.  It  passed  completely  across  the 
arch.  Revetment  2  was  undamaged. 

(2)  The  Bureau  of  Reclamation  installed  Carl¬ 
son  gages  (Ref.  4)  on  Igloo  B  as  shown  in  figure  91. 
The  records  of  these  gages  are  shown  in  figure  92. 
No  stress  scale  is  shown  for  Meter  2  because  the 
meters  were  calibrated  after  the  blast  and  Meter 
2  failed  in  tension  during  the  test.  The  first  earth 
shock  appeared  at  about  0.075  second,  indicating 
a  velocity  of  about  2,(500  feet  per  second  (using 
197  feet  as  the  distance  of  travel).  Speed  of 
travel  of  the  air  wave  was  apparently  only  slightly 
less  than  that  of  the.  ground  wave.  Meter  1 
shows  that  the  longitudinal  compression  in  the 
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4—30  (Matter  Wfpt  /,/„*/ 
suns,  paper  meters 


Pressure  railin' 
In  i>.  s.  i. 


Kennirks 


liislaiuv  from 
side  or  front  of 
Hevr  No.  S,  In 
feet 


015. 

650. 

691. 

731. 

775.. 

820.. 

868. . 

921.. 
975. 
1,030 
1.100 
1,160 
1.230 
1,300 
1,370. 
MOO. 
1,550. 
1,640 
1,740 
1,840. 
1,940 
2,060. 
2,180 
2,310 
2,450 
2,600. 
2,740. 
2,900  . 
3,080. . 

3.270.. 
3.400  . 

3.660.. 
3,880  . 
4,120. 
4,350 


•lonio  reached  800  p.  s.  i.  during  the  positive 
piessurc  phase,  and  that  some  compression  was 
maintained  for  about  0,10  second.  Evidently  the 
positive  phase  of  the  pressure  wave  placed  a  com¬ 
pressive  load  on  the  ends  of  the  igloo,  but  some¬ 
what  surprisingly,  the  longitudinal  stress  then 
returned  to  zero  without  passing  into  tension. 
Meter  2,  located  on  the  side  of  the  igloo  away 
from  the  blast,  showed  transverse  compression  of 


Fkm  iik  88.  Explosion  of  revetment  3,  Test  4, 
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I’lCfUB  8!>.  Local i<m  of  pajwr  blast  meters,  Test  1. 


about  0.02  second  duration  followed  by  rapid 
development  of  tension  until  failure  occurred. 
Time  was  not  available  between  this  test  and  the 
later  destruction  of  the  igloo  on  the  same  day  to 
permit  an  inspection  of  the  area  for  crocking. 
The  single  measurement  made  on  the  floor 
(Meter  5)  does  not  provide  suflieient  information 
for  an  accurate  interpretation.  During  the  posi¬ 


tive  wave  phase  the  floor  showed  about  125  p.  s.  i. 
transverse  tension  followed  later  by  about  175 
]).  s.  i.  compression  and  finally  a  residual  tension 
of  about  500  p.  s.  i.  If  scorns  probable  that  the 
floor  stresses  are  influenced  more  by  ground  move¬ 
ment  than  by  air  waves,  and  that  the  residual 
tension  is  a  result  of  unequal  settlement  following 
the  ground  disturbance  caused  by  the  blast. 
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I'kiuhe  00.  Permanent  horizontal  and  vertical  eartli  displacement,  Test  4 
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T^V 

3  x 
1— 
UtT-123  \ 


Slot  gLg. 


No.  1  -6.7"  (horizontal  distance)  west  of  tin*  longitudinal 
center  lino,  direction  parallel  to  Imigitmliua!  center  line. 

No.  2 — 0.7"  (horizontal  distance)  east  of  tile  loiigiliulinal 
center  line,  direction,  transverse  to  the  longitudinal 
center  line. 

No.  3 — On  the  igloo  floor  on  the  longit ndinal  center  line, 
direction  transverse  to  the  longitudinal  center  line. 


Ftot  uk  91.  Installation  of  Carlson  Meters  on  Igloo  B, 
Test  4. 


g.  Damage  to  barracks  ( barracks  preciously  dam¬ 
aged  by  Tests  1,  2  and  3  and  not  repaired). — The 
barracks  building  suffered  still  further  damage  as 
a  result  of  this  test.  The  first  floor  south  wall 


(a wtiv  front  explosion),  which  had  broken  loose 
at  the  east  corner  in  Test  ii,  collapsed  outward . 
The  second  floor  south  wall  was  left  hanging  on 
the  rafters,  approximately  It)  of  which  were  broken 
oil  either  side  of  the  peak  at  that  end  The  north 
end  (end  toward  explosion)  was  further  damaged 
with  additional  sheathing  torn  loose  and  studding 
broken.  The  west  wall  was  pulled  out  and  the 
railing  on  the  front  steps  (west  side)  was  broken 
loose. 

It.  Missile  data.  Xot  recorded. 

i.  Seismological  data  (lief.  7).  Seisinologicnl 
data  recorded  are  given  in  table  XY1. 


Taui.k  XVI.  -Test  .Vo.  /,  SO  October  If). {5 ntitaaological 
(Iota 


Distance  from  Re¬ 
vetment  in  feel 

Explosives 
weigh l  in 
pounds 

| 

Wave 
period 
in  see. 

Maximum 
displace¬ 
ment  in 
cm. 

Maximum 
tecelera- 
( ion, 
cm/sec. J 

(>50_  _ 

300,  000 

0.  15 

0.  29 

510 

j.  Meteorological  data. — Xot  recorded. 
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E.— H.  E.  IGLOO  TEST  5—30  OCTOBER  1945 


1 .  Purpose 

a.  To  (let ermine  if  the  mass  detonation  of  250,- 
000  net  pounds  of  high  explosives  stored  in  mi 
Army  test  Igloo  B  will  propagate  to  nil  earth  bar¬ 
ricaded  open  storage  site,  Revetment  2,  located  in 
line  with  the  test  igloo  and  200  foot  in  front  of  it. 

b.  To  determine  the  severity  of  the  damage  done 
to  target  Revetment  2  and  a  Navy  Igloo  D, 
located  diagonally  to  the  rear  and  left  of  Igloo  B 
at  a  distance  of  020  feet,  and  to  a  wooden  barracks 
building  E  located  diagonally  to  tin'  rear  and  right 
of  the  test  Igloo  B  at  a  distance  of  2,050  feet. 

c.  To  obtain  additional  information  on  crater 
size. 

2.  Test  layout 

This  test  involved  the  explosion  of  250,000 
pounds  of  Torpex  in  Army  Igloo  B  vs,  target  units, 
Revetment  2,  Igloo  I),  and  the  Navy  Barracks, 
located  as  shown  in  figure  95. 

3.  Igloo  and  revetment  contents 

a.  Igloo  B  was  loaded  with  five  hundred  and 
forty-one  050-pound  Aircraft  Depth  Bombs, 
Mark  49,  explosive  charge  402  pounds  of  Torpex, 
for  a  total  of  250,000  pounds  of  high  explosives. 
Those  bombs  were  stored  as  shown  in  figure  10. 
Igloo  I)  was  not  loaded. 

b.  Revetment  2  was  loaded  with  two  hundred 
and  eight  1 100-pound  and  nine  000-pound  bombs, 
explosive  charge  50/50  Amatol,  for  a  total  of 
125,000  pounds  of  high  explosives.  These,  bombs 
were  stored  on  wooden  dunnage  as  shown  in  figures 
05a,  05b,  and  05e. 

4.  Priming 

Igloo  B  was  primed  in  a  manner  similar  to  that 
used  in  Igloo  (',  Tost  5.  Each  quarter  of  the 
magazine  was  primed.  Composition  ('  2  and 
primaeord  were  placed  in  either  the  nose  or  tail 
fuze  cavity  of  14  bombs  in  the  stack  and  con¬ 
nected  to  a  single  primaeord  lead  that  passed  to 
the  center  of  the  magazine  where  it  joined  the 
leads  from  the  stacks  in  the  other  three  quarters 


of  tin*  igloo  which  were  similarly  primed.  A  single 
primaeord  lead  was  taken  from  this  junction  and 
passed  out  tin*  door  of  the  igloo.  Three  Engineer 
Special  electric  blasting  caps  wore  connected  to 
this  lead  and  the  caps  were*  connected  to  the  firing 
circuit  in  parallel. 

5.  Description  of  test  and  summary  of  results 

a.  General.  Igloo  B  was  exploded  at  1250 
MWT  on  50  October  1945.  The  explosion  of  the 
250,000  pounds  of  Torpex  in  Igloo  B  produced  an 
initial  red  flash  and  then  streams  of  smoke  that 
shot  out  and  up  at  angles  above  30°  from  the 
horizontal,  forming  a  bush-like  cloud  that  de¬ 
veloped  into  a  billowing  black  mass  of  smoke  and 
dust  as  in  Tests  1  and  3  (figs.  94a  and  94b). 
There  was  no  propagation  of  the  explosion  from 
Igloo  B  to  till*  target  units  and  Igloo  D  and  Revet¬ 
ment  2  were  undamaged  by  the  explosion.  The 
barracks  building  was  further  damaged. 

b.  Motion  picture  record. — Motion  pictures  were 
obtained  which  show  the  explosion  of  the  250,000 
pounds  of  Torpex  in  Igloo  B  at  normal  film  speed. 

c.  Air  blast  pressures. — Not  recorded. 

(I.  ('rater  data.  The  explosion  of  the  contents 
of  Igloo  B  produced  an  oval  crater  158  feet  long 
and  134  feet  wide  with  an  apparent  depth  of  10.7 
feet.  Profiles  and  contours  of  the  crater  from  the 
explosion  of  Igloo  B  are  shown  in  figure  95.  This 
crater  is  approximately  the  same  size  Inn  con¬ 
siderably  shallower  than  the  crater  from  Test  3. 

e.  Ground  marement. — Not  recorded. 

f.  Kthct  of  blast  on  tari/et  ie/loos  and  revetment. — 
Igloo  1)  was  undamaged  by  the  explosion.  Sev¬ 
eral  OOO-pound  bombs  at  the  rear  of  Revetment  2 
were  shaken  from  their  dunnage  but  the  revetment 
was  otherwise  undamaged. 

<j.  Darnnar  to  barracks.  -The  barracks  was  still 
standing  after  this  test  but  had  been  so  badly 
damaged  by  previous  tests  that  no  assessment  of 
increased  damage  could  be  made. 

h.  Missile  data.  Not  recorded. 

i.  Seismolot/ical  data. —  Not  recorded. 

j.  Meteorological  data. — Not  recorded. 
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Figure  94b.  Explosion  of  Igloo  H,  Tost  5,  2d  Stage. 


Figure  94a.  Explosion  of  Igloo  H,  Test  5,  1st  Slage. 
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Fic.l  he  1)5.  Crater  plan  ami  profiles,  Igloo  15,  Test  5. 


F.-H.  E.  IGLOO  TEST  6-30  OCTOBER  1945 


1 .  Purpose 

To  obtain  additional  orator  information. 

2.  Test  layout 

This  tost  involved  the  explosion  of  125,000 
pounds  of  50/50  Amatol  in  an  earth  barricaded 
open  storage  site,  Revetment  2,  alone.  (Igloo  1) 
was  out  of  range  of  the  effect  of  the  blast) 

3.  Revetment  contents 

Revetment  2  was  loaded  with  two  hundred  and 
eight  1,100-pound  and  nine  OOO-ponnd  bombs, 
explosive  charge  50/50  Amatol,  for  a  total  of 
125,000  pounds  of  high  explosives.  These  bombs 
were  stored  as  shown  in  figures  05a,  05b,  and  05c. 

4.  Priming 

Approximately  one-half  of  the  bombs  in  Stacks 
2  and  4  of  Revetment  2  were  primed  by  packing 
knotted  primucord  surrounded  by  Composition 
C-2  into  the  nose  cavity  of  each  bomb  as  in  Test  2. 
A  single  primaeord  lead  passed  down  the  side  of 
Stack  2  connecting  all  primed  bombs  in  that  stack 


Fir, uitK  90.  Kxplosion  of  revetment  2,  Test  0. 


and  joined  a  similar  lead  from  Stack  4  at  the  rear 
of  the  revetment.  Three  Engineer  Special  electric 
blasting  cups  were  connected  to  the  two  leads  and 
the  caps  were  connected  to  the  firing  circuit  in 
parallel. 


Fiochk  97.  Crater  plan  ami  profiles,  revetment  2, 
Test  0. 


5.  Description  of  test  and  summary  of  results 

a.  Gem  ml: — Revetment  2  was  exploded  at 
approximately  1500  on  50  Oetoher  1945.  The 
explosion  of  the  125,000  pounds  of  Amatol  in 
Revetment  2  provided  an  initial  flash  and  con¬ 
siderable  flame  followed  by  a  dense  black  smoke 
cloud  that  rose  in  a  mushroom  shape  with  a  boiling 
crest  of  smoke  and  flame  above  a  column  of  smoke 
(fig.  90). 

b.  Million  plctiin  recant .  Motion  pictures  were 
obtained  which  show  the  explosion  of  the  125,000 
pounds  of  Amatol  in  Revetment  2  at  normal  film 
speed. 

c.  Air  bind  pressure*.  Not  recorded. 

il.  ('’rater  data.  The  explosion  of  the  contents 
of  Revetment  2  produced  a  crater  89  feet  long  and 
X7  feet  wide  with  an  apparent  depth  of  10.9  feet. 
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Contours  nnd  |)rofile  of  the  orator  along  the  longi¬ 
tudinal  and  transverse  axes  of  the  revetment  are 
shown  in  figure  97. 

e.  Ground  morement. — Not  recorded. 

/.  Effect  oj  blast  on  targets.  Not  recorded. 


g.  Damage  to  barracks  and  glass  breakage . — 
Not  recorded. 

h.  Missiles  and  fragmentation.  —Not  recorded 

i.  Seismological  data. — Not  recorded 

j.  Meteorological  data.  Not  recorded. 


G.-H.  E.  IGLOO  TEST  7-31  OCTOBER  1945 


1 .  Purpose 

To  determine  if  the  mass  detonation  of  250,000 
net  pounds  of  high  explosives  stored  in  an  nil- 
barricaded  stack  will  propagate  to  another  1111- 
bnrricaded  slack  containing  250,000  net  pounds  of 
high  explosives  located  parallel  to  and  S00  feet 
from  the  tost  stack. 

2.  Test  layout 

This  test  involved  the  explosion  of  250,000 
pounds  of  explosives  ns  listed  below  in  an  un- 
harricadcd  open  storage  stack.  Two  stacks  of 
ammunition  approximately  lit)  x  70  x  4b  feet 
wore  placed  on  level  ground  SOO  foot  apart  (fig.  98). 

3.  Stack  contents 

a.  Stack  1,  the  primary  stack,  contained  000- 
pound  bombs,  MK  9  depth  charges,  scrap  TNT, 
Tetryl  boosters,  and  bangalore  torpedoes  with 
a  total  weight  of  high  explosives  of  250,000 
pounds.  The  000-pound  bombs  were  sta'  ked  three 
high  in  a  hollow  square  and  the  other  ammunition 
was  piled  inside. 

b.  Stack  2  was  composed  entirely  of  Ml  Al 
antitank  mines  without  boxes.  The  mines  were 
stacked  40  wide,  105  long,  and  It)  high,  each 
mine  resting  on  its  base,  with  a  total  weight  of 
high  explosives  of  250,000  pounds. 

4.  Priming 

Stack  1  was  primed  using  Composition  C  2  and 
priniaeord  in  a  manner  similar  to  that  used  in  all 
previous  tests.  Approximately  10  percent  of  the 
GOO-pound  bombs  were  primed  in  the  nose  fuze 
cavity  and  in  addition  a  portion  of  the  scrap  TNT 
and  other  ammunition  was  primed.  All  the  primed 
bombs,  etc.,  were  connected  to  a  single  priniaeord 
lead  that  passed  completely  around  the  stuck 
and  joined  back  onto  itself.  Three  Engineer 
Special  electric  blasting  ea ps  were  connected  to 
the  priniaeord  at  this  junction  and  the  caps  were 
connected  to  the  firing  circuit  in  parallel. 


5.  Description  of  test  and  summary  of  results 

a.  General. — Stuck  1  was  exploded  at  1240  on 
111  October  1945.  The  explosion  of  the  250,000 
pounds  of  high  explosives  in  Stack  1  produced  an 
initial  (lash  and  considerable  (lame  and  then  the 
mushroom-shaped  cloud  with  a  boiling  crest  of 
smoke  and  (lame  above  a  column  of  smoke.  There 
was  no  propagation  of  the  explosion  of  Stack  1  to 
Stack  2.  A  high  humidity  at  the  time  of  the  test 
made  it  possible  to  observe  the  movement  of  a 
rarefaction  wave  through  tile  air.  This  wave 
apparently  moved  just  ahead  of  the  shock  wave 
and  was  caused  by  the  shock  wave  compressing 
till'  air  which  then  condensed  on  cooling. 

b.  Motion  picture  record. — Not  recorded. 

c.  Air  blast  pressure. — Not  recorded. 

d.  Crater  data. — ' The  explosion  of  the  contents  of 
Stack  1  produced  a  crater  124  feet  long,  80  feet 
wide,  and  3.9  feet  deep  at  the  lowest  point.  Con¬ 
tours  and  profiles  of  the  crater  along  the  longi¬ 
tudinal  and  transverse  axes  of  Stack  1  are  shown 
in  figure  99a.  The  unusual  crater  shape  is  prob¬ 
ably  due  to  tlu>  fact  that  the  cased  charges 
(bombs)  were  on  the  outside  of  the  stack  and 
correspond  to  the  deeper  parts  while  the  bulk 
uncased  explosives  wen*  in  the  center  of  the  stack 
and  correspond  to  the  shallow  portion  of  the 
crater. 

e.  Ground  moremenl.- — Not  recorded. 

f.  Effect  oj  blast  on  target  stack  2. — Approxi¬ 
mately  75  mines  on  the  outside  of  Stack  2  fell  over 
probably  from  ground  shock,  and  two  mines  were 
perforated  by  fragments  which  did  not  melt  any 
of  the  TNT  filler.  A  few  small  metal  fragments, 
some  of  which  wore  w arm,  were  found  on  the  stack 
and  numerous  other  small  fragments  were  found 
on  the  ground  near  the  stack. 

g.  Damage  to  barracks  and  glass  breakage. — Not 
recorded. 

It.  Missiles  and  fragmentation. — Not  recorded. 

i.  Seismological  data. — Not  recorded. 

/.  Meteorological  data.  Not  recorded. 
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H.— H.  E.  IGLOO  TEST  8—31  OCTOBER  1945 


1  Purpose 

To  obtain  further  crater  data  as  a  continuation 
of  Test  7. 

2.  Test  layout 

In  this  test  Ml  Al  antitank  mines,  containing 
200,000  net  pounds  of  TNT,  in  nnharrieaded  Stack 

2  wen*  exploded  alone  (fig.  98). 

3.  Stack  contents 

Stack  2  was  composed  entirely  of  Ml  Al  anti¬ 
tank  mines  without  boxes.  The  mines  were 


Kmc  nr.  98.  Field  layout,  Tests  7  and  8. 

stacked  40  wide,  105  long,  and  10  high,  each  mine 
resting  on  its  base,  with  a  total  weight  of  high 
explosives  of  250,000  pounds. 


NATURAL  GRADE 


EAST  -  WEST  PROFILE 


LLL  - 

ALL  DIMENSIONS  ARE  IN  FEET. 


Fin  cur.  9!>a.  Crater  plan  and  profiles.  Test  7. 


4.  Priming 

Stuck  2  wns  primed  using  Composition  C  2  mid 
primneord  in  the  same  nimnuT  as  in  previous 
tests.  Approximately  10  percent  of  (lie  mines  in 
the  top  outer  row  of  the  stnek  were  primed  in  the 
fuze  cup  with  Composition  C  -2  and  primneord. 
A  single  primneord  lend  passed  completely  around 
the  stnek  connecting  all  primed  mines  and  joining 
hack  onto  itself.  Three  Engineer  Special  electric 
binsting  caps  were  connected  to  the  primneord  lit 
this  junction  and  the  caps  were  connected  to  the 
firing  circuit  in  parallel. 

5.  Description  of  test  and  summary  of  results 

a.  General. — Stack  2  was  exploded  at  npproxi- 
mntoly  1400  on  01  October  l(.)4.r>.  The  explosion 
of  the  250,000  pounds  of  TXT  in  Stack  2  produced 
n  huge  ball  of  bright  red  (lame  which  rose  in  the 


typical  mushroom  shape  with  n  boiling  crest  of 
smoke  and  (lame  above  a  column  of  smoke. 
b.  Motion  picture  record.  Not  recorded . 
r.  Air  blast  pressure  Not  recorded. 

(I.  Crater  data. — The  explosion  of  the  contents  of 
Stack  2  produced  a  crater  approximately  the  same 
size  hut  deeper  than  that  from  tin*  explosion  of 
Stack  1  in  Test  7.  The  crater  was  1150  feet  long 
and  1)4  feet  wide  with  an  apparent  depth  of  14.9 
feet  and  a  true  depth  of  1S.4  feet.  Contours  and 
profile  of  the  crater  along  the  longitudinal  and 
transverse  axes  of  Stack  2  are  shown  in  figure  99b. 
e.  Ground  morement. — Xot  recorded. 

/.  Effect  of  blast  on  targets. — Xot  recorded. 

</.  Damage  to  barracks  anil  glass  break-age.-  Xot 
recorded. 

h.  Missiles  and  fragmentation. — Xot  recorded. 

?.  Seismological  data. — Xot  recorded. 
j.  Meteorological  data.  Xot  recorded. 
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FinritE  10()a.  Typical  i^loo  explosion,  1st  stage. 


Fiouhe  100b.  Typical  igloo  explosion,  2<1  stage. 
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PART  III.  SUMMARY  AND  DISCUSSION  OF  RESULTS 


A— APPEARANCE  OF  EXPLOSIONS 


1.  Observations  and  comparisons  of  the  pic¬ 
tures  taken  of  igloo  and  open  pile  explosions  show 
that  there  is  a  marked  difference  in  the  appearance 
of  each  type  of  explosion. 

2.  The  igloo  explosions  of  Tests  1,  3,  and  5 
produced  an  initial  (lash  and  then  streamers  of 
smoke  that  shot  out  at  angles  above  30°  from  the 
horizontal,  forming  a  bush-likc  cloud  that  en¬ 
gulfed  the  flames  within  (figs.  100a  and  100b). 
This  cloud  merged  with  the  dust  near  the  ground 
and  developed  into  a  billowing  black  mass  of 
smoke  which  rose  to  a  height  of  2, .'ISO  feet  within 
2  minutes  in  Test  1. 

3.  The  open  pile  explosions  of  Tests  2,  4,  (5,  7, 
and  .S  produced  much  more  (lame  than  the  igloo 


explosions  and  the  flaine  was  visible  in  the  cloud 
which  boiled  np  into  a  mushroom-shaped  crest  of 
smoke  and  (lame  above  a  column  of  smoke  (figs. 
101a  and  101b). 

4.  The  (lames  observed  were  bright  yellow  and 
red  in  the  explosions  involving  TNT  and  Amatol 
and  a  deeper  red  in  the  explosions  of  Torpex. 

5.  In  most  of  the  tests  two  reports  were  heard. 
The  second  report  was  assumed  by  some  observers 
to  be  a  reflection  from  the  overhanging  clouds. 
The  same  phenomenon,  however,  occurred  in  ex¬ 
plosions  on  cloudless  days,  and  since  these  double 
reports  are  quite  often  reported  they  appear  to  be 
a  characteristic  of  explosions  caused  by  a  double 
peak  which  appears  in  the  blast  curve. 


B.— MOTION  PICTURE  RECORD 


1.  Motion  pictures  were  taken  of  the  explosions 
of  Tests  1  to  (>,  inclusive,  at  normal  film  speed,  but 
no  motion  pictures  were  obtained  of  Tests  7  and  8. 
The  most  interesting  and  important  pictures,  how¬ 
ever,  were  three  high  speed  motion  pictures  which 
were  taken  during  Tost  1.  These  were 

a.  Close-up  of  the  explosion  from  the  right  front 
of  Igloo  A  (Camera  No.  1,  fig.  2,  1,000  frames  per 
second). 

b.  Close-up  from  the  side  of  Igloo  C  (Camera 
No.  2,  (ig.  2,  1,480  frames  per  second). 

c.  Close-up  from  the  side  of  Igloo  II  (Camera 
No.  3,  (ig.  2,  1,430  frames  per  second). 

2.  Selected  frames  from  the  pictures  obtained 
with  Camera  No.  1,  figure's  102a  to  102n,  inclusive, 
show  the  following  sequence  of  events: 

< i .  Flames  appear  at  the  front  of  igloo  and 
apparently  the  front  has  been  blown  out. 

b.  Flames  appear  at  the  rear  of  the  igloo  and 
apparently  the  rear  has  blown  out. 

c.  The  roof  and  side  walls  give  way  and  a  boiling 
(lame  and  smoke  cloud  forms  and  begins  to  rise 
and  spread. 


3.  Selected  frames  from  the  pictures  obtained 
with  Camera  No.  2,  figures  103a  to  1031,  inclusive, 
reveal  some  of  the  phenomena  of  explosions  which 
are  seldom  soon  but  which  may  he  explained 
as  follows: 

a.  When  a  charge  is  detonated  above  ground  a 
shock  wave  will  spread  out  almost  spherically. 
As  this  shock  wave,  called  the  incident  wave, 
strikes  the  ground  it  is  reflected.  At  some  dis¬ 
tance  from  the  explosion  these  two  waves  intersect 
and  a  new  reflection  called  a  “niaeh”  wave  is  set 
up.  This  wave  grows  and  ultimately  absorbs  the 
incident  and  reflected  waves,  resulting  in  only  one 
apparent  shook  wave. 

b.  In  these  pictures  it  is  believed  that  the  wave 
having  the  form  of  a  sector  of  a  circle  is  a  reflected 
wave,  and  that  the  “snub  nose”  of  the  wave  front 
is  a  niaeh  wave. 

c.  The  complete  motion  picture  film  from  this 
camera  (No.  2)  shows  that  the  air  shock  wave  from 
an  explosion  apparently  causes  the  major  damage. 
It  appears  as  a  hemispherical  mass  of  dense  air 
moving  outward  from  the  explosion  at  a  speed  cs- 
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Fiourk  101a.  Typical  open  pile  explosion,  1st  stage. 


timated  at  2,000  foot  per  second  at  200  feet.  A 
positive  and  suction  phase  of  this  wave  occurs  be¬ 
fore  the  missiles  and  smoke  cloud  arrive  at  any 
point.  This  is  shown  in  the  high-speed  photog¬ 
raphy  that  slows  down  the  “split -second”  action 
of  the  shock  wave  until  the  wave  apparently  flows 
slowly  over  smooth  objects  and  then  recedes  much 
as  a  wave  on  the  beach. 


I'ViURE  1011).  Typical  open  pile  explosion,  2d  stage 


4.  Selected  frames  from  the  pictures  obtained 
with  Camera  No.  .'1,  figures  l()4a  to  1 04 j ,  inclusive, 
also  show  the  reflected  wave  and  inach  wave.  At 
0.0028  second  after  the  shock  wave  readies  Igloo 
B  (fig.  104c)  two  shock  waves  appear  and  pass  up 
th(>  rear  of  the  Igloo  finally  merging  into  one  wave 
at  0.0050  second.  A  possible  explanation  of  this 
phenomenon  is  that  two  waves  were  initiated,  one 


Kiouhe  102a.  The  explosion  lias  occurred  in  tin  primary  loocm-;  1021).  0.0010  second.  The  explosion  lias  blown 

igloo  A  but  its  effect  lias  not  become  visible.  Klapscd  out  the  front  of  tlie  primary  igloo, 

time  between  this  ami  subsequent  pictures  is  given  with 
each  picture. 


1' Klein;  102r.  0.0020  second.  The  rear  of  the  igloo  t  ier lo;  102d.  0.0030  second, 

has  been  blown  out. 
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Figure  102ft.  0.0070  .second.  The  roof  of  the  igloo  is  Figure  1021..  0.0080  second, 

beginning  to  blow  out. 


Figure  102m.  0.0280  second.  Figure  102n.  0.0290  second. 


779771 — 48 - 7 
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Fiqube  10.‘ia.  The  sliock  wave  lias  not  yet  reached  the  Fusube  103l>.  0.0014  second.  The  wave  front  has 

Navy  type  igloo  C.  Elapsed  time  between  this  and  reached  the  igloo  and  the  dense  air  behind  it  has  re- 

siibsecpieut  pictures  is  given  with  each  picture.  fraeted  sonic  sunlight  onto  the  igloo. 


Fiouke  102c.  0.002H  second.  Fhu  ke  103d.  0.0042  second.  The  wave  front  is  now 

clearly  visible. 


FlnuKK  103c.  0.0050  second.  Finmu:  103f.  0  0070  second.  . 
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Figure  103k.  0.0085  second.  Figure  1031i.  0.0100  second. 


Figure  103k.  0.0150  second. 


Figure  1031.  0.01(59  second. 
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from  tlu>  front  anil  one  from  the  rear  of  the  ex¬ 
ploding  igloo.  In  support  of  this  explanation  it 
is  noted  tlint  the  close-up  of  the  explosion  of  Igloo 
A  (figs.  102l»  and  102c)  shows  that  the  time  inter¬ 
val  between  the  burst  of  the  (lame  from  the  front 
end  and  from  the  rear  end  is  approximately  0.001 
second.  The  two  shock  waves  ap]>cnr  about  2 
feet  apart  in  the  pictures  from  Camera  ii  and  since 
the  velocity  of  the  shock  wave  is  of  the  magnitude 


of  2,000  feet  per  second,  the  time  interval  between 
the  waves  would  be  2/2,000  or  also  0.001  second. 

f>.  A  complete  film  of  the  104.')  High  Explosive 
Iglix)  Tests  has  been  produced  by  incorporating  the 
pictures  of  each  of  the  tests  into  a  single  film  in 
the  proper  sequence  and  by  the  addition  of  ex¬ 
planatory  titles  and  diagrams.  This  film  is  avail¬ 
able  at  the  office  of  the  ANESB  in  Washington, 

D.  C. 


Fiovuk  ldta.  The  shock  wave  lias  reached  the  Army- 
type  Igloo  U  anil  has  just  become  visible  at  the  left 
hand  edge  of  the  picture.  Klapsed  time  between  this 
and  subsequent  pictures  is  given  with  each  picture. 


Fiona-;  104b.  0.0014  second. 


4 


Floras  104c.  0,0028  second. 


Figure  104d.  0.0042  second.  Sunlight  is  refracted  by 

the  relatively  dense  air  behind  the  wave  front,  and  is 
directed  downward  onto  the  igloo. 
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1’KiUHK  1 0 1 i .  0.0113  second. 


l'lociiK  10 1 j.  0.0127  second.  The  wave  front  is  mov¬ 
ing  lioruontally  at  more  than  2,000  feet  per  second. 
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C— AIR  BLAST  PRESSURES 


1.  The  most  complete  arrangements  for  the 
measuring  and  recording  of  blust  pressures  were 
those  made  for  Test  1.  In  snlrsequent  tests  (2,  2, 
and  4)  only  paper  meters  were  used. 

2.  The  results  obtained  in  Test  1,  up  to  a  dis¬ 
tance  of  approximately  450  feet  from  the  center  of 
the  explosion,  were  disappointing  because  of  the 
extreme  scatter  of  the  data,  the  unsuitability  of 
some  of  the  gages  and  meters,  and  too  high  an 
estimation  of  the  probable  peak  pressures.  No 
attempt  has,  therefore,  been  made  to  fit  a  smooth 
curve  to  these  data  but  table  XVII  lias  been 
prepared  to  show  the  values  obtained  from  all  the 
different  types  of  gages  and  meters  which 
were  used. 


Tahi.k  XVII  —Peak  blast  pressures  (pounds  per  sq.  in.),  all  meters,  Test  1 


1  Ffirs.  20a,  2<)1>,  20c] 


•Blown  apart 
••Blown  ilown 


5.  A  study  of  these  data  indicates  that — 

a.  The  Princeton  box  gages  probably  gave  the 
most  reliable  results  within  the  230  foot  zone. 

These  were  43  pounds  per  square  inch  at  185  feet 
and  32  pounds  per  square  inch  at  230  feet.  The 
higher  pressures  given  by  the  ball  crusher  gages 
are  considered  unreliable  because  this  gage  is  not 
very  suitable  for  the  measurement  of  pressures 
within  this  range.  Difficulties  were  encountered  ' 
in  operating  the  piston  and  T.  M.  B.  gages  and 
there  is  doubt  that  they  recorded  the  true  pressures 
accurately.  j 

b.  Beyond  the  230  foot  zone  the  foil  and  paper 
meters  gave  fairly  uniform  and  consistent  results 
which  are  believed  to  be  reasonably  accurate. 
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'Faulk  XVII. — Peak  blunt  presumes  ( pounds  per  sq,  in.),  all  meters,  Test  1 — Continued 


I'ajar  meters 


270 
280 . 

287. 

296. 


302. 


308. 


314. 


315... 


Distance,  feet 


' Hiuwn  apart, 
"lilown  down. 


Near  igloos  North  line  West  line  . 

1 


ssrsis 


n. 


**7.  7 
**1.  2  1 
**1.  8 
**2.  7 
**3.  F>  1 
**2.  7 
**2  7 
**3.  6 
*  *5.  8 
**3.  6 
»*3.  6 
**3.  (i 
**3.  ft 
**3.  fi 
**3.  0 
**3.  (i  i 


10.  5  1 
5.  09 


Piston  Hall  crusher  T.  M.  H 
gattes  races  gages 


24.  0 
17.  5 


354.. .  . 

300. .  _ 

; - 

- . - 

7.  35  1  .  .  ...! _ 

0 

0 

0 

0 

0 

10.  5  _ 

407. _ _ _ 

450 

402... 

5.  8 

475  . 

8.  42  ......  _ 

488 

3.  6 

7.  7 

500 

7.  35 

510 

7.  35 

517 

3.  0 

5.  8  _ 

520 

538  _ 

7.  35  1 

540 

(i.  18 

548 

3.  0 

7.  7 

580  . 

7.  35 

582 

3.  6 

7.  7 

0 1 5  - 

3.  0 

7.  7 

020 

3.  96 

040. . . 

3.  96 

650 

2.  7 

5.  8 

670 

3.  96 

091 

3.  0 

5.  8 

700 

0 

| . " 

1.  05 

720 

2.  97 

731 

2.  7 

3.  6 

770 

2.  97 

775 

2.  7 

3.  ft 
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Tam.K  XVII. — blast  itrntnurrH  (pound#  per  »/.  in.),  all  outer#  Tr«t  1 — Continued 


Paper  meters 

t.  m  n 

Near  Iploos  North  line 

West  line 

]k>\  pages  papes 

trapes 

trapes 

soo 

0 

1.  53 

0 

S20 

2.  7 

3.  ft  2  07 

N(»K 

2.  7 

2.  7 

S70 

2.  07 

_ 

*120 

2.  07 

_ _ „  _ 

02 1 

2.  7 

2.  7 

<170 

2.  07 

075 

2.  7 

2.  7 

1,020 

_  0 

_ _ _ 

1,030 

1.  S 

2.  7 

_ 

1,070 

2.  10 

_ _ 

1,100 

1.2 

2.  7 

_ 

1,120 

3.  Oft 

1,1(10 

1.  2 

1.  K 

1,170 

2.  07 

1 ,220 

_ 

0 

1,230  . 

1.  2 

1.  s 

1,270 

2.  10 

1,300 

.  s 

1.  s 

...  0 

_ 

0 

1,370 

.  s 

1.  s 

1,400 

.  s 

1.  s 

_ 

1,550 

.  s 

1.  2 

_ 

. 

1,040 

.  s 

1.  2 

. . . . 

1,740 

.  s 

1.  2 

_ --- _ - 

1,750 

_  _ 

1.  0 

_ 

_ 

1.S40  _ 

.  s 

.  s 

1,040 

.  0 

.  s 

_ _ 1  _ 

2,000 

.  0 

.  s 

. 

_ 

2, ISO . 

.  ft 

.  () 

2,310 

.  r> 

.  ft 

2,450  . 

.4 

.  ft 

. 

2,000- . . 

.  4 

.  (> 

2,740.... 

0 

.  r» 

2,000 

0 

4 

3,0K0 

o 

0 

3,270 

0 

,  4 

3,400 

0 

.  4 

3,000 

0 

.  4 

3,SS0 

0 

.  4 

4,120 

0 

0 

4,350 

0 

0 

- - 

— 

c.  In  general  the  pressures  recorded  during  tliis 
test  were  much  less  tlinn  anticipated  from  a  study 
of  the  data  obtained  from  smaller  explosions,  as 
set  forth  in  Reference  S. 

4.  The  use  of  paper  meters  in  Tests  1,  2,  .’5,  and 
4  and  the  fairly  uniform  and  consistent  results 
obtained  with  them  permit  of  direct  comparisons 
between  explosions  in  igloos  and  in  open  piles; 


explosions  of  1 25,000  and  250,000  pounds  of  ex¬ 
plosives;  and  explosions  of  50/50  Amatol  and 
Torpex.  The  pressures  obtained  with  the  paper 
meters  in  Tests  1 , 2, 3,  and  4  have,  therefore,  been 
recorded  in  table  XVI 11,  and  the  following  con¬ 
clusions  have  been  drawn  from  them: 

a.  For  equal  amounts  of  explosives  of  the  same 
kind  (Tests  1  and  4)  the  pressures  from  an  ex- 


94 


plosion  in  nn  open  pile  revetment  lire  somewhat 
Siren  ter  tliiin  the  pressures  from  nn  explosion  in  nn 
igloo.  This  probably  is  due  to  the  confining  effect 
of  the  igloo  concrete  and  earth  cover. 

b.  The  differences  between  tbe  pressures  gen¬ 
erated  by  the  explosion  of  125,000  pounds  of 
Amatol  in  an  open  revetment  (Test  2)  and  200,000 
pounds  of  Amatol  in  an  open  revetment  (Test  4) 
are  not  ns  prononneed  as  one  would  expect,  but 


the  pressures  from  the  125,000  pound  explosion 
decrease  with  distance  at  a  rapid  rate, 

c.  Torpex  gave  greater  pressures  than  equal 
amounts  of  Amatol  to  a  distance  of  approximately 
4,50(1  feet  from  the  explosion  as  shown  by  a  com¬ 
parison  of  the  pressures  recorded  in  Tests  1  and  4. 

</.  The  pressures  off  the  sides  (west  meter  lines) 
of  tbe  igloos  and  open  piles  are  greater  than  the 
pressures  oil'  the  front  (north  meter  linos). 


/ 

Table  XVIII  Peak  blast  pressures  ( pounds  per  sq.  in.)  paper  aiders,  Tests  1,  2,  3,  4 


(Figs.  2t)n,  20b,  07,  7f>,  sy) 


« 

Tost  1 

'I'esl  2 

Test  3 

Test  4 

North 

West 

North 

West 

North 

West 

North 

West 

231 

*12.  0 
**7.  7 
**7.  7 
*7.  7 
*12.  0 
**7.  7 
*7.  7 
*7.  7 
*12.  0 
*7.  7 
**7.  7 
*12.  0 

. 

12.  0 

240 

240  _  _  . 

247 

252 _ 

*12.  0 
*12.  0 
*12.  0 
*7.  7 

**7.  7 

**1  2 
**1.  8 
**2.  7 
**3.  0 
**2.  7 
**2.  7 
**3.  0 

*  *5.  8 
**3.  0 
**3.  0 

*  *3.  0 
**3.  0 
**3.  0 
**3.  0 
**3.  0 

273.  .  _  . 

200  _  .  _ 

12.  e> 

( 

302  _  ______ 

. 

7.  7 

t 

308.  .... 

— 

314  . .  .  ...  ... 

i 

330 

5.  8 

7.  7 

5.  S 

S 

12.  0 

7.  7 

7.  7 

5.  8 

307 

400 

485 . 

457 

402 _ 

473 _ _ ..: _ 

7.  7 

12  0 

— 

7.  7 

7.  7 

*  Blow  n  upnrt. 
••Blown  down. 
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Table  XVIII, — Peak  blast  pressure  ( pounds  per  sq.  in.)  jeaper  meters,  Tests  I,  2,  .i,  4 — Continued 

20a,  20b,  67.  75,  8'J) 


Test  1 

Test  2 

Test  3 

Test  -1 

Distance  feet 

North  West 

North 

West 

North 

West 

North  West 

470 

7.  7 

488 . - . . 1 

. .  .  3.  0  7.  7 

_ _  _  _  _ 

________ 

12.  0 

7  7 

5.  8  7,  7 

507  . . 

-  - - [  _ _ 

5.  8 

5  If) . - . - . -- 

_ _ _ 

5.  8 

517 . . . . 

3.  6  5.  8 

— 

7.  7 

7.  7 

5.  8  7.  7 

533  . 

_ _  _  I _ _ _ 

3.  0 

548 - - - - 

3.  C  7.  7 

_ 

7.  7 

7.  7 

5.  8  7.  7 

500 

3.  6 

568 . . 

■ _ _ _ _ _ 

5.  8  ' 

5a2 

3.  0  7.  7 

7.  7  I 

7.  7 

7.  7  7.  7 

598.. . . 

.  - . 1 . . 

3.  0 

. | 

. . . 

005 

_ _ _ _ 

5.  8 

615...  .  . - . - 

3.  0  7.  7 

7.  7 

7.  7 

7.  7  7.  7 

631  _ 

_ _ _ _ 

3.  0 

650 

2.  7  5.  8  1 

_ 

5.  8  | 

7.  7 

5.  8  7.  7 

053 

5.  8 

671... . . . 

3.  0 

_ _  _  | 

691  .  . 

3.  6  5.  8 

_ 

_ __ 

5.  8 

5.  8 

3.  6  5.  8 

700 

3.  6 

710.  _ 

3.  0 

731 

2.  7  3.  0 

7.  7 

7.  7 

2.  7  3.  0 

751  _ 

_ _ _ 

3.  0 

700. 

. . . 

— 

3.  6 

. 

_ _  _ 

1 . | . T__ 

775 

2.  7  3.  0 

5.  8 

7.  7 

3.  0  3.  6 

795 

2.  7 

815 

5.  8 

820.  . 

2.  7  3.  0 

5.  8 

.5.  8 

3.  0  3.  6 

812.  . 

3.  0 

808  . 

2.  7  2.  7 

_ 

3.  0 

7.  7 

3.  0  3.  0 

885 

2.  7 

894.. 

2.  7 

! _ _ 

921  . 

2.  7  2.  7 

3.  6 

5,  8 

3.  0  2.  7 

915 

2.  7 

946  .. 

2.  7 

975 

2.  7  2.  7 

3.  0 

3.  6 

2.  7  3.  0 

1,000 

2.  7 

1  015 

2.  7 

j 

1  030 

1.  8  2,  7 

2.  7 

3.  (i 

18  2.  7 

1  070 

_ _  _ _ _ ' 

2.  7 

1  085 

2.  7 

1,100  _ 

.  .  .  . . . 

1.  2  2.  7 

1.  8 

3.  0 

2.  7  2.  7 

1 , 1 30 

1.  8 

1,155 . 

2.  7 

1 _ _ _ 

1,160 

1,2  1.  8 

. . 

1.  8 

2.  7 

1.  8  3.  0 

1,190.  _  ...  ....  _ 

1.  8 

1,230 

1.2  1.  8 

1.  8 

2.  7 

1.  8  3.  0 

1,245.  _  ...  _ 

1.  8 

1,200  .... 

1.  8 

1,300 

...  8  1,  8 

2.  7 

3.  0 

1.2  1.8 

1,330  .  . 

1.  8 

_  _  _  _  _ 

J _ _ _ 

1,335  . 

1.  8 

1,370 

.8  1.8 

2.  7 

2.  7 

1.  2  3.  6 

1,420.  .  . 

1.  2 

1,425 

1.  8 

1,400 

.8  1.  8 

2.  7 

'  2.  7 

1.2  1.2 
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Tablk  XVIII. — Teak  blast  prtssure  (pounds  per  sq  in.)  paper  meters ,  Tests  I,  2,  S,  J) — Continued 

IFigs.  20a,  20fi,  #7. 75.891 


Distance  foot 

Text  1  Test  2 

Test  3 

'l  est  4 

North 

West  North  West 

North 

West 

North 

West 

1,500 

1.  8  .. 

1,525.. 

.8 

1,550  . 

.8 

1.  2 

1.  2 

2.  7 

.  8 

1  8 

1,500 . 

1.  2 

1,025 . . . 

1.2 

1,0-10 . . 

.  8 

1.  2  .  .... 

1.  2 

2.  7 

1.  2 

1.  8 

1,000 

| 

1.2  ... 

1,725 

,  _j _ 

. j.  .  .  '  .8 

1,710 

.  8 

1.  2  _ 

1.  2 

2.  7 

.  8 

1.  2 

1,700. 

_  ,  1.  2 

. . i 

1,840. 

.  8 

8 

1.  2  | 

1.  8 

.  8 

.  8 

1,845. 

_  .  .  .8 

1,880 

....  8 

1,040 

.  (> 

.  8 

1  2 

1.  8 

. 

.  ti 

1.  2 

1,005 

.  8 

2,000. 

.8  ..... 

2,000. 

.  0 

.8  .  _  _ _ 

1.  2 

1.  8 

.  0 

1  8 

2,005. 

...  .8 

2,120. 

. 

.8  .  . . 

| 

2,180. 

.  (> 

.  6  . . 

1.  2 

1.  8 

.  8 

1.  2 

2,235  . 

.8 

2,210 

| 

4 

2,310  . 

.  <> 

.  C>  ..  _ 

'  8  1 

1.  2 

.  0 

_ 

.  8 

2,380. 

.  0  . 

2,385  . 

.4 

2,450. 

_  .4 

.0  - 

1.  2 

1.  2 

.  6 

.  8 

2,525... 

.  8 

2,550 _ 

.8 

_ _ 

2,000  . 

.  4 

.  (i  .  . 

.  8 

1.2 

.  <) 

.  8 

2,600.  . 

_  .0 

2,085 

_  .6 

2,740 

.  0 

.0  .  .. 

.  8 

1.  2 

•  4 

.  8 

2,820. 

.  () 

2,865.. 

0 

2,000 

0 

.  4 

.  8 

.  8 

.  f  j 

.  4 

3,040. 

.4 

3,055 .  _ . 

0 

3,080  _ 

0 

0  ..  . 

.  0 

.  4 

.  4 

.  <  ‘> 

3,228. 

_ _  .0  _ 

3,245.  . 

.  . 

0 

3,270 

0 

.  4 

.  <> 

.  ft 

0 

.  6 

3,410 

.  .  0 

3,445 

0 

3,400 

0 

.4  ... 

.  4 

.  4 

0 

.  0 

3,014 

_  0  .  ..  _ ... 

3,000 

0 

.  1 

.  4 

.  0 

0 

.  fi 

0 

3,832  . 

0 

3,880. 

0 

4  .  _  . 

0 

0 

0 

0 

3,005.. . . 

0 

1 

4,070 . 

_ _ _ 

0 

_ 

4,120  . 

0 

0 

0 

0 

0 

.  4 

4,135 _ 

.  ..  0 

4,300 

_ _ _ 

.  4 

_ 

4,350... 

0 

0  . j _ 

0 

0 

0 

.  4 
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e .  The  Xnvy-type  door  barricade  in  Tost  1  had 
ail  olfect  on  the  pressures  o)l‘  the  front  of  an  igloo 
as  shown  by  tiie  range  of  pressures  off  the  fronts 
(north  meter  lines)  of  Igloos  A  (with  door  barri¬ 
cade)  and  C  (without  door  barricade). 


f.  Test  d,  250,000  pounds  o)  Torpex  in  Igloo  C, 
gave  the  greatest  pressures  Test  4,  250,000 
pounds  of  Amatol  in  an  open  p  le  revetment,  gave 
the  next  largest  pressures;  nil  Test  1,  250,000 
pounds  of  Amatol  in  Igloo  A  gave  the  lowest 
pressures  for  the  250,000  pom  d  explosions 


D.— CRATER  DATA 


All  of  the  crater  data  recorded  during  these  tests 
have  been  assembled  in  table  XIX.  A  study  of 
these  data  does  not  reveal  any  unusual  results. 
The  craters  formed  by  the  explosions  in  Igloos  C 
and  B  (Tests  li  and  5),  each  of  which  contained 
250,000  pounds  of  Torpex,  vary  greatly  in  depth 
but  this  is  believed  to  lie  due  to  the  much  stronger 
floor  construction  of  the  Army  Igloo  (It).  The 
craters  resulting  from  the  two  identical  revetment 
explosions  (Tests  2  and  fi,  125,000  pounds  Amatol) 
are  quite  comparable  and  the  craters  from  the 
open  pile  explosions  agree  quite  well  except  as  to 
depth.  The  very  shallow  depth  of  the  crater 
formed  in  Test  7  is  largely  due  to  the  fact  that  the 
explosives  in  the  center  of  the  pile  were  bulk 


explosives  packed  in  wooden  ;  >xes  or  light  con¬ 
tainers.  Tin*  diameters  ami  bugfix  -f  the  craters 
resulting  from  igloo  explosions  are  greater  than 
those  resulting  from  revetm  ut  and  open  pile 
explosions,  probably  because  o  '  he  presence  of  the 
concrete  and  earth  cover.  All  of  the  craters  were 
oval  or  circular  in  shape  but  be  piles  of  explosives 
which  were  detonated  were  relatively  long  and 
narrow  (for  igloos,  approxiim  tdy  2  0'  wide  x  .SO' 
long).  As  has  been  noted  in  pr  ■  io as.  paragraphs, 
the  pressures  off  the  sides  of  those  relatively  long 
and  narrow  piles  are  usually  gr ‘‘.ter  than  oil  the 
ends,  and  this  is  <  niplmsiswd  by  these  crater 
dimensions.  Goiiomil;'  the  length  of  the  craters 
is  approximately  r>  e  ■  the  leng  hs  of  the  piles  of 
explosives  but  fror  J  to  6  times  the  widths. 


Taui.k  XIX. — ('ruler  ilutn  — all  texts* 


Kvplosives  Crater  dimensions  (in  fret) 


Test  No. 

Kind 

Quantity 

Itis. 

Type  of  storage 

be  itfth 

Width 

Apparent 
dept  h 

Actual 

depth 

i 

50  50  Amatol 

250,  000 

Igloo  ... 

200 

150 

S 

13.  !) 

2 

..do. . 

125,  000 

ltcvetment.  . . . 

7T> 

77 

() 

10 

3 

Torpex 

250,  000 

Igloo.  .. 

154 

no 

IS.  2 

5 

..do... . . 

250,  000 

_ do . . 

151 

125 

10  7 

<> 

50  50  Amatol 

125,  000 

ltcvetment . . . 

S7 

77 

to.  ;i 

7 

TXT,  Amatol,  etc 

250,  0(X) 

()]«>n  pile ... 

1 50 

S5 

:i.  75 

. . 

S 

TXT. 

250,  000 

. do . . . . 

too 

‘JO 

IS 

IS  4 

•No  data  were  recorded  for  Test  4  as  this  test  was  made  on  tile  site  of  the  crater  from  Test  1  (IjiIiki  A  wl,.cl  had  been  filled,  com  meted,  and  levt  lied. 
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E.-GROUND  MOVEMENTS 


1.  Measurements  of  ground  movements,  liori- 
/ontnl  mid  vortical,  outside  the  crater  ring  wore 
made  in  Tests  1,  2,  and  4.  Those  are  assembled 
for  comparison  and  study  in  table  XX,  Generally 
the  movements  were  very  small  and  not  discernible 
1) %  observation.  However,  the  data  obtained  by 
surveys  of  the  grids  of  stakes,  which  were  placed 
around  the  igloos  or  revetments  before  the  explo¬ 
sions,  revealed  that  there  was  movement  in  both 
direction.  In  Test  1  movement  was  detected  as 
far  as  Igloo  D  (500  foot  from  center  of  explosion) 
and  in  Test  4  static  waves  were  formed  on  the 


surface  of  the  ground  which  measured  nearly 
8  inches  from  crest  to  trough.  It  should  be  noted, 
however,  that  in  Tost  4,  the  explosion  took  place, 
on  the  compacted  (ill  of  the  crater  formed  in  Test  1 
(Igloo  A).  The  ground  movements  encountered 
in  these  tests  were  very  small  and  they  were  very 
much  less  thaw  anticipated.  Certainly  they  did 
not  indicate  severe  ground  shock. 

2.  Some  further  data  on  ground  movements 
around  the  explosions  were  obtained  bv  noting  the 
displacements  of  the  target  igloos.  In  Test  1  the 


/ 


Tahi.k  XX.— Permanent  horizontal  and  vertical  earth  displacement 
[All  (liiiictisions  in  feet.  Kef.  Kips.  23,  M,  IK)] 


Distance 
from 
miter  id 
unit  (T  ot) 


02.5 
lIA 
s5 
hT  ,.r> 

IK) 

ion 

lto 

112. 

Il.r> 

Iff 

m 

iff 

137.5 
140 
150 
155 

1 00 

102.5 
Iff 

100.5 
175 
Wl 
IS.*, 

157.5 
100 
100.  t 

212.5 
215 

237.5 
2  tO  . 
275 
2*7.5 
20(1 
;uo 
31* 
3.0 
37  5 


Test  1.  Igloo  A  250,000  pounds  Amatol  1  2’  *2^KK)  Test  4,  Rev.  3  2.50.000  pounds  Amatol 


Went  (Mile)  •  Kast  (Mile)  Nortli  (front  South  (rear)  North  (front)  South  (rear)  North  (front)  South  (roar)  |  West  (sjrle) 


1  1  1 

.!<  ?on- 

|  1 

Verti-  Horizon-. 

1  e  •'  ta)  | 

Verti¬ 

cal 

Horizon*  Verti-  llori- 
tal  cal  zontiil 

Verti- 

Cftl 

Horizon-  Verti- 
tal  cal 

Horizon-  Verti* 
till  cal 

Horizon¬ 

tal 

Verti¬ 

cal 

Horizon¬ 

tal 

Verti* 

cal 

Horizon-  Verti* 
tal  col 

1.  15  NK  +0.44 

(I.  (WSW  42.  Ii,r> 

2.  (M-,  N  W 

+  1.47 

(1.4(1  SK  40.  1 1 

>  N  K 

+  1. 10 

0.  SO  \  \\ 

+  0. 12 

((.  11  s\\ 

+0.  10 

.  32  S \V  +.37 

1.21  NW 

•i  oi 

20  X  + .  10  ] 

.  1  \  N  V. 

+.00 

1  51  S 

+  1. 10 

. 1 . | 

. 

.  (>3  NW 

+.07' 

.13  SK 

+.  07 

,  1SSW  4-.0X 

0  +0. 00 

21  W 

+.i- 

.  05  S  +.  00 

42  K 

+.  10 

77  S 

+.12 

.  2C.  X  K 

-.  10 

.05  SK 

+.03 

.00  SW  +-.02 

a  -+.07 

0 

+  .07 

+.  13 

50  S 

+.  17 

10  N  +  .02 

.22.WV 

+  I  ,03  W 

+.  13 

(1  +  03 

14  \K 

-.  154) 

0 

+.03 

‘0 

,  +.»«*•  . 

. 

00  MV  +.  03 . 03  S\V 

+  .05 

0  0 

0  +.  03 

0  -+.  03 

0-1  s 

0 

0  I  +.  i« 

0 

+.02 

0  +.  02 

1  0 

+.  01 

,oo\w  o 

0  0 

n  +.oi 

0 

0 

+  .01 
-.03 

0  -.01 

1 

+  «Vp;  —  ■Diiwj  .  Direction  of  displacement  Indicated  by  compass  |  mints. 
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head  wall  of  Igloo  C  moved  north  (away  from  the 
explosion)  b  inch  and  west  1  inch  with  no  recorded 
vertical  movement;  the  head  wall  of  Igloo  If 
moved  inch  south  (explosion  was  to  west)  and 
there  was  no  movement  in  Igloo  I).  In  Test  2 
the  head  wall  of  Igloo  C’  moved  inch  south 
(explosion  was  to  west)  and  vertical  movements 
were:  east  head  wall  up  ■{«  inch,  west  wall  up  ■» 


inch,  floor  lip  inch.  No  other  target  igloo 
movements  were  taken  and  from  the  meager  in¬ 
formation  very  few  conclusions  can  he  drawn, 
hut  apparently  igloos  to  the  side  of  the  blast 
moved  slightly  parallel  with  the  longitudinal 
nxis  of  the  explosion  and  an  igloo  to  the  front 
moved  away  and  perpendicular  to  the  axis  of  the 
explosion. 


F.— EFFECTS  OF  BLAST  ON  TARGET  IGLOOS  AND  REVETMENTS 


1.  The  ('fleets  of  the  air  blast  on  the  target  igloos 
and  revetments  was  determined  by  observation, 
by  slide  rule  gages  and  stop-point  indicators, 
and  by  Carlson  strain  meters. 

a.  The  observed  effects  are  summarized  in  table 
XXI,  and  the  following  comments  are  made  with 
respect  to  these  data  : 

(1)  At  185  feet.- — -The  damage  to  igloos  and 

revetments  was  not  serious.  In  ig¬ 
loos  it  consisted  principally  of  minor 
cracks  in  the  arch,  slum))  of  the  earth 
cover,  door  jamming,  or  doors  blown 
off.  In  revetments  the  earth  barri¬ 
cades  slumped  and  were  partially 
blown  away  and  bombs  were 
knocked  from  the  piles. 

(2)  At  210  to  205  feet.— Greater  damage  oc¬ 

curred  to  an  igloo  from  the  explosion 
of  250,000  pounds  of  Torpex  at  205 
feet  than  from  the  explosion  of 
250,000  pounds  of  Amatol  at  210 
feet. 

(3)  At  500  feet. — There  was  little  or  no  dam¬ 

age  at  this  distance,  but  the  explosion 
of  250,000  pounds  in  a  revetment 
caused  greater  damage  to  Igloo  1) 
than  250,000  pounds  in  an  igloo. 
The  weakness  of  the  Navy-tvpe  door 
was  demonstrated  here  as  it’ blew  in 
even  at  500  feet. 

b.  The  effects  of  blast  on  the  target  igloos  ns 
determined  by  the  slide  rule  gages  and  the  stop- 
point  indicators  (SPI)  have  been  described  in  Test 
1  (Part  IJA,  par.  5/(3)  and  figs.  27a,  27b,  and  27c). 

(1)  There  is,  in  general,  agreement  between 
the  final  distances  measured  from 
floor  to  ceiling  recorded  on  the  slide 


gages  and  that  obtained  by  field 
survey.  These  nicnsurcmcnts  are 
greater  than  the  measurements  taken 
by  the  SPI  indicating  that  only  a 
small  part  of  the  recorded  differences 
between  ceiling  and  floor  can  be  ac¬ 
counted  for  by  permanent  set  of  the 
arch  due  to  stress.  The  remainder, 
i.  e.,  the  difference  between  the  SPI 
and  the  slide  gage,  is  a  measure  of 
the  final  relative  movement  of  the 
arch  unit  and  the  floor  unit  moving 
independently. 

(2)  It  is  noted  in  the  above  paragraph  that 

the  extreme  readings  of  the  SPI  arc 
assumed  to  be  the  final  readings, 
whereas,  the  actual  final  measure¬ 
ments  must  he  somewhat  less,  The 
assumption  seems  justified  ns  a  means 
of  evaluating  the  limiting  degree, 
rather  than  the  actual  magnitude,  of 
the  movement  due  to  stress, 

(3)  The  actual  extreme  movements  of  the 

arch  may  be  greater  than  those  re¬ 
corded  on  the  SPI  due  to  inertia 
stretch  of  the  instrument  cord .  Con¬ 
sidering  the  degree  of  known  inde¬ 
pendent  movement  of  the  floor  and 
arch  units,  it  would  scent  that  the 
SPI  readings  are  nearer  to  the  degree 
of  strain  than  those  shown  on  the 
slide  gages. 

14)  The  reading  of  the  SPI  at  Point  3  of 
Magazine  B  has  been  disregarded 
because  it  is  out  of  line  with  the 
other  readings.  It  was  noted  on 
entering  the  magazine  that  the  wire 
ventilator  screen  had  been  blown 
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Table  XXI.  Sminminj  nf  ubnervrtl  target  igloo  mill  revetment  diimnge 


Test 

Dlstrtiuv  from  explosion  In 

ii«>. 

1k.-> 

2111  Ni  2<ii) 

4(K)  tu  750 

i 

250,000  pounds  Amatol 
in  Igloo  A. 

Igloo  B  Continuation  of  crack 
across  the  center  of  the  arch, 
new  crack  along  center  of 
floor,  enrtli  cover  slumped, 
door  jammed,  ventilator  Blown 
oir. 

Igloo  C  Door  blown  in, 
bombs  knocked  down 
and  tilted,  ventilator 
blown  oil. 

Igloo  D  (500  feet),  door 
blown  in. 

2 

120,000  pounds  Amatol 
in  Revetment  2. 

Igloo  C  Door  blown  olT.  (Other 
damage  slight  and  contents 
undisturbed.) 

No  target  unit .  . 

Rev.  2  (400  feet),  no 
damage. 

Igloo  B  (500  feet),  no 
damage. 

Igloo  I)  (750  feet),  no 
damage. 

3 

250,000  pounds  Torpex 
in  Igloo  O. 

Rev.  2 — Kartli  barricade  slumped 
and  was  partially  blown  away, 
bombs  knocked  olT  dunnage 
and  dunnage  blown  away. 

Igloo  B  Cracks  in 
front  wall  and  earth 
cover  slumped. 

Igloo  D  (750  feet),  no 
damage. 

' 

4 

250,000  pounds  Amatol 

Igloo  B— Door  jammed,  con- 

Revetment  2 — No  dam- 

Igloo  I)  (500  feet),  fine 

in  Revetment  3. 

■ 

cretc  spalled  oil  top  of  arch  at 
joint  w/front  wall  exposing 
reinforcing  rods,  limbers  of 
door  barricade  displaced  and 
earth  Blown  away. 

damage. 

cracks  across  center  of 
arch. 

5 

250,000  pounds  Torpex 
in  Igloo  B. 

No  target  unit . . J 

Rev.  2 — Bombs  shaken 
from  dunnage,  no 
other  damage. 

Igloo  D  (030  feet),  no 
damage. 

o 

125,000  pounds  Amatol 
in  Revetment  2. 

do 

No  target  unit .  . 

Igloo  I)  (S40  feet),  no 
damage. 

past  the  '  or<l  of  this  instrument. 
The  stJVLii  strikin''  the  cord  of  the 
instriinicn;  could  have  caused  the 
high  rending. 

c.  The  effects  of  blast  on  the  target  igloos,  as 
determined  by  the  Carlson  strain  meters,  have 
been  described  in  Test  2  (Part  1115,  par.  0/(2) 
and  ligs.  71  and  72a)  and  Test  4  (Part  111), 


par.  0/(2)  and  figs.  91  and  92).  The  data  obtained 
are  too  meager  to  permit  the  drawing  of  sound 
conclusions  ns  to  tbe  degree  to  which  the  target 
igloos  were  stressed.  However,  it  does  appear 
that  the  results  obtained  in  Test  2  and  Test  4 
are  fairly  consistent  and  that  the  igloos  were 
nlfected  both  by  ground  and  air  shock  but  that 
air  shock  was  tbe  cause  of  tbe  greater  stresses. 


G.— DAMAGE  TO  BARRACKS  AND  GLASS  BREAKAGE 


1.  Barrnrks  damage 

a.  Prior  to  these  tests  u  concrete,  arch-type, 
earth  covered  igloo  was  considered  to  be  barri¬ 
caded,  within  the  inclining  of  this  term  as  defined 
in  tbe  American  Table  of  Distances  (ATI)),  both 
offensively  and  defensively,  except  at  the  door  end 
when  a  separate  door  barricade  was  not  provided. 
It  was,  therefore,  the  common  practice  to  use  the 


barricaded  distances  set  forth  in  tbe  ATI)  for  the 
separation  of  igloos  from  inhabited  buildings. 

b.  These  tests  proved  quite  conclusively  that 
although  the  barracks  were,  in  no  danger  of 
collapsing  they  did  suffer  damage  of  a  critical 
nature,  and  it  is  doubtful  that  the  inhabitants 
thereof  would  have  escaped  serious  and  perhaps 
fatal  injury  from  blast,  flying  glass,  and  structural 
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damage.  Tlic  barricaded  distance  of  2,155  foot 
which  is  proscribed  by  the  ATI)  for  the  separation 
of  a  barricaded  magazine  containing  250,000 
pounds  of  mass  detonating  high  explosives  from 
an  inhabited  building  was  cpiite  inadequate  in 
providing  reasonable  safety  against  serious  injury 
or  death  and  severe  structural  damage,  so  far 
as  these  earth  covered  igloos  were  concerned. 
c.  Although  the  barracks  was  severely  stressed 


H.-MISSILES  AND 

■V 

Missile  data  which  were  recorded  only  for  Test 
1  have  been  described  and  discussed  in  Part  II A, 
pur.  5 A.  However,  observations  made  during  all 
of  the  other  tests  confirmed  the  results  of  Test  1. 

It  was  especially  noticeable  that  the  complete 
detonations  of  the  ammunition  stored  in  fully 
loaded  magazines  gave  quite  different  results  from 


and  weakened  by  Tests  1  and  2,  it  appears  from 
the  photographs  that  Torpex  caused  additional 
damage  not  definitely  due  to  weakening  of  the 
structure  by  previous  explosions. 

<1.  As  in  most  large  explosions,  glass  breakage 
was  extensive,  and  the  dangers  from  flying  glass 
were  strongly  emphasized  by  the  fine  splinters  of 
glass  imbedded  in  the  walls,  floors,  and  columns 
of  this  barracks. 


FRAGMENTATION 

several  accidental  igloo  explosions  in  which  the 
igloos  were  only  partially  loaded  and  the  amounts 
of  explosives  involved  were  less  than  half  of  those 
used  in  these  tests.  In  these  latter  eases  missiles 
in  excess  of  100  pounds  were  thrown  over  5,000 
feet  from  the  door  end  and  some  pieces  up  to 
a  ton  were  thrown  as  much  ns  1,800  feet. 


I.— SEISMOLOGICAL  DATA 


1.  Seismic  records  were  obtained  in  Test  1  by 
the  David  Taylor  Model  Basin  and  in  Tests  2, 
:l,  and  4  bv  the  lT.  S.  Coast  and  Geodetic  Survey. 
The  records  obtained  by  the  David  Taylor  Model 
Basin  have  been  discussed  in  Part  11A,  par.  5t, 
but  the  records  obtained  ly  the  l\  S.  Coast  and 
Geodetic  Survey  during  Tests  2,  .'i,  and  4  have 
been  summarized  for  further  discussion  in  table 
XXII,  and  the  location  of  the  test  stations  for 
Tests  2  and  '.l  are  shown  in  figure  105. 

2.  Calculated  maximum  ground  displacements 
are  arranged  according  to  wave  period  and  distance 
from  the  source  in  figure  100.  The  source  is  a 
250,000  lb.  explosion,  though  not  necessarily  the 
same  one.  Plotted  data  at  7.2  miles  and  9.9 
miles  were  taken  from  vibrograms  of  an  October 
1940  explosion.  The  data  are  rough  and  are  taken 
from  the  largest  waves  having  approximately 
the  represented  periods,  which  measurements  are 
subject  to  considerable  error.  Nevertheless,  the 
graph  represents  the  order  of  displacements  to 
expect  from  blasts  of  this  size  at  given  distances. 

II.  Maximum  accelerations,  without  regard  to 
period,  arc  plotted  in  figure  107.  These  data  were 
taken  from  measurements  of  t lie  single  wave  at 
each  station,,  which,  in  the  judgment  of  the  ob¬ 


server,  was  associated  with  the  highest  aecelera- 
'  .  n.  The  diagram  shows  a  number  of  paired 
data.  The  open  circles  represent  direct  observa¬ 
tions  from  an  explosion  of  250,000  pounds  of 
Torpex  on  19  October  1945.  Inasmuch  ns  Amatol 
was  used  in  the  other  tests  considered  here,  the 
data  designated  as  “Amatol  equivalent”  wei\'  cal¬ 
culated  on  tin'  assumption  that  100  pounds  of 
Torpex  is  approximately  equivalent  to  1 H0  pounds 
of  Amatol  and  that  the  rule  represented  in  figure 
108  was  followed.  The  Era  Mine  datum  was  not 
so  adjusted  because  of  the  small  trace  amplitude 
on  the  record  and  the  consequent  huge  allowable 
error. 

Very  little  difference  was  noted  in  displacements 
and  accelerations  observed  at  Stations  1  and  2 
which  are  the  same  distance  from  the  source,  one 
on  overburden  and  the  other  on  rock.  However, 
the  overburden  was  probably  too  shallow  to  in¬ 
fluence  energies  contained  in  the'  observed  waves 
which  had  minimum  lengths  of  more  than  700  feet. 
Higher  frequency  vibrations  were  probably  present, 
but  they  were  too  feeble  to  be  recorded  by  the 
insensitive  apparatus  in  use.  It  should  be  noted 
that  this  station  is  on  open  prairie  and  the  under¬ 
lying  ground  is  not  the  same  as  at  the  instrument 
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Tahlk  XXII  —Summary  of  hi  sinological  results  Idaho 
Hallistic  Experiment,  August  ami  October  19Sf~>,  V .  S. 
Coast  and  Geodetic  Surrey 

The  observ  m  inus  were  marie  under  tlterilreeiion  of  I >r  l>.  iv  Currier,  Chief 
of  tin-  Lake  Mead  Sel  mol« >^i<*nl  Survey,  urtuft  ('owd  and  Geodetic  Survey 
vibration  meters,  accelerometers,  rotti|>oiiii<l  )a-mliiliitn  riisplacmneiit 
meters  hiuI  recording  apparatus;  also  a  lleniotT  vibragraph.  S|iecial 
apparatus  lunnldl  the  tina*s  of  tlie  blasts  simultaneously  on  all  of  the 
inst  rntneiils. 

SUM MAHV  OF  AttrKhKHATIO.VS  AND  DlSPbAl’KM  KXTS 
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STATION  i  e  \  STATION  1 


STATION  3 


STATION  4 


station  which  was  used  with  the  IS  August  ex¬ 
plosion.  The  In t tor  station  was  in  a  river  bed 
more  than  3  miles  from  the  site  of  Station  2. 

4 .  Acceleration s  versusa mount  of  explosives  used. 
This  is  plotted  graphically  in  figure  108.  Data 
obtained  from  direct  observations  were  taken  at 
a  distance  of  2,S40  feet  from  the  blast .  Other  data 
wen*  taken  at  distances  oilier  than  2,840  feet  bill 
for  purposes  of  comparison  it  was  necessary  to 
transpose  these  accelerations  to  correspond  to  a 
distance  of  2,840  feet  using  the  curve  in  figure  107. 

'l'he  explosion  of  18  August  ll)4.ri  should  not  be 
used  for  comparison  since  ground  and  foundation 
conditions  were  not  the  same.  Other  observations 
form  iiii  excellent  fit  to  the  curve  representing 
deceleration  proportional  to  the  square  root  of  the 
.vciglit  of  the  explosives  detonated. 

5.  Travel  times. — Travel-time  data  are  available 
for  the  blasts  of  18  October  and  19  October  only. 
The  times  of  the  blasts  were  obtained  when  the 
explosions  broke  a  relay  circuit.  Equipment  in 
use  at  the  time  was  designed  to  show  accelerations 
and  displacements.  It  did  not  give  good  responses 
to  entries  of  ground  waves.  However,  we  believe 
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WEIGHT  OF  EXPLOSIVES  IN  POUNDS 


Kk.thk  10S.  Acceleration  versus  amount  of  explosives  used. 


that  accuracy  of  those  arrivals  was  sufficient  to 
give  a  fair  idea  of  some  of  the  underlying  structure. 
These  data,  figure  ] 00,  indicate  a  surfieiul  effusive 
layer  about  500  feet  thick  in  which  the  P-wave 
speed  is  0,000  feet/second.  Beneath  this  is  another 
layer  extending  to  a  depth  of  about  4,000  feet  in 
which  the  P-wave  speed  is  0,000  feet/second. 

It  tuny  he  possible  that  the  roek  extending  to 
ea  4,000  feet  may  he  of  the  same  material ;  namely, 
alternate  flows  of  lava  interbedded  with  scoria 
and  thin  layers  of  sediment,  and  that  the  inter¬ 
face  representing  the  break  between  the  two  wave 
speeds  may  be  the  water  table.  The  two  wells 
at  the  headquarters  urea  S  miles  south  of  the 


explosions  are  in  this  material  throughout  their 
depth  of  nearly  700  feet. 

(>.  Air  tram. — Air  waves  from  the  10  October 
blast  are  plotted  in  figure  110.  The  central  plot 
is  probably  a  sound  wave  originating  directly  at 
the  blast.  At  2  miles  it  contains  the  most  energy. 
At  0.5  mile,  an  earlier  wave  which  undoubtedly 
left  the  blast  as  a  higher  speed  shock  wave  con¬ 
tains  the  most  energy.  The  earlier  wnve  is  also 
a  sound  wave  but  it  did  not  originate  ns  such  at 
the  blast.  It  becomes  relatively  feeble  at  2  miles 
A  third  feeble  wave  with  a  slower  apparent  velocity 
is  also  recognized.  It  may  be  an  echo  from  an 
upper  stratum  of  air. 


J.— METEOROLOGICAL  DATA 


Meteorological  data  were  taken  only  during 
'Pest  1  and  they  have  been  fully  discussed  in  Part 
II A,  pur.  5 /’.  It  was  anticipated  that  this  ex¬ 
plosion  would  have  been  heard  and  felt  at  much 
greater  distances  than  it  was.  Some  observers 
believe  that  the  air  blast  and  ground  shock  were 


less  in  this  locality  than  they  might  have  been  in 
other  parts  of  the  United  States.  However,  limit¬ 
ed  tests  made  by  the  Board  along  the  Eastern 
Seaboard,  after  completion  of  the  1945  Areo 
tests,  did  not  substantiate  this  belief. 
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I'mritK  110.  Air  wavi1  travel  limes,  Text  3. 
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PART  IV.  CONCLUSIONS 


A.  'Pile-  prescribed  Army  and  Navy  intermnga- 
zinc  saiViy  distances  for  tin*  storage  of  250,000  not 
pounds  of  high  explosives  in  igloo-tvpe  eartli- 
rov-rod  magazines  may  !»e  reduced  from  400  feet 
Army  (and  500  feet  Navy)  to  185  feet  without 
undue  risk  of  propagation  of  explosions  from  maga¬ 
zine  to  magazine. 

if.  The  use  of  the  barricaded  distances  pro¬ 
se  ribed  for  inhabited  buildings  in  tin*  ATI)  is  not 
sufficient  to  prevent  serious  injury  to  personnel 
within  the  buildings  from  explosions  in  arch-typo, 
concrete,  earth-covered  magazines. 

C.  The  temporary  storage*  of  250,000  net 
pound  -  of  high  explosives  in  an  earth-barricaded 
open  storage  site*  located  halfway  between  existing 


Army  igloo-type  enrdi-covc  red  magazines  is  rea¬ 
sonably  safe"  and  ponnissiblo  with  respect  to  the 
nonpi-opagation  of  explosions  from  igloo  to  enrth- 
hae-ricaded  open  sites  and  vice  versa. 

1).  The  unhnrricadcd  distance  (800  feet)  for 
250,000  net  pounds  of  high  explosives  stored  in 
igloo-type  earth-covered  magazines  affords  reason¬ 
able  protection  against  the  propagation  of  explo¬ 
sions  among  open  field  stacks  of  mass  detonating 
types  of  ammunition  each  containing  250,000  net 
pounds  of  high  explosives. 

E.  The  doors  in  the  Navy  igloo-type  earth- 
covered  magazines  should  he  strengthened  to 
provide  better  protection  against  explosions  which 
may  occur  in  adjacent  magazines. 
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